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Modeling science achievement differences between single-sex and coeducational 
schools: analyses from Hong Kong, SAR and New Zealand from TIMSS 1995, 1999, 
and 2003  
By Dana V. Diaconu  
Dr. Henry Braun, Chair 
Abstract 
There is a broad interest in narrowing achievement gaps among all groups of 
students and improving education by scientifically sound methods. On October 25, 2006, 
the United States Department of Education published new regulations allowing single-sex 
education in public schools whenever schools think it will improve student achievement. 
Thus far, studies comparing single-sex with coeducational schools have been carried out 
at the national level mostly in England, Australia and Jamaica, while US’ studies were 
limited to Catholic schools. Few studies reported descriptive statistics or effect sizes and 
most studies differ in the criteria and statistical controls they use to compare single-sex 
and coeducation. 
This dissertation presents models for science achievement and attitudes towards 
science for 8th -grade students attending either single-sex or coeducation schools in Hong 
Kong and New Zealand, using the Trends in Mathematics and Science Study (TIMSS) 
datasets from 1995, 1999, and 2003. To properly account for the nested structure of data, 
an HLM model was estimated for each sex, for each of the two jurisdictions at three time 
points, corresponding to the three TIMSS administrations. The within – country results 
were compared to see if differences between single-sex and coed schools were consistent 
over time.  
  
In addition, this dissertation proposed an approach to examine the sensitivity of 
the estimated effects of school-type on student outcomes to the presence of unmeasured 
variables which may introduce hidden selection bias, using a modification of the method 
proposed by Rosenbaum and Rubin (1983). Based on its conditional distribution with an 
instrumental variable, chosen based on the review of single-sex literature, the Monte 
Carlo simulated values of the unobserved variable were used as level-1 predictors in a 
one-way ANCOVA with random effects. The sensitivity analysis was limited to science 
achievement of Hong-Kong’s girls in TIMSS 2003. 
Findings show that single-sex education contributed to girls’ science performance 
and attitudes in NZL 1999 and HKG 1999 and 2003, and low sensitivity for school-type 
contrast.
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1. INTRODUCTION 
The first chapter of this dissertation is divided into six sections. The first section 
introduces the background information on the topic explored. Section two presents the 
statement of the problem. Section three briefly describes the plan for the methodology 
proposed to investigate the problem. Section four introduces the definition of the key 
terms used throughout this study. Section five points out to the significance of the 
substantive and methodology issues explored in this dissertation. Finally, section six 
discusses the limitations of the study. 
1.1. Background Information 
The 2001 reauthorization of the Elementary and Secondary Education Act of 
1965 (No Child Left Behind, NCLB) has sparked a broad interest in the United States in 
narrowing achievement gaps among all groups of students and improving education by 
any method that is scientifically sound. The NCLB emphasized that federal funding will 
be granted only to education studies that employ scientifically based research to 
determine what programs or educational strategies are effective. 
One of the provisions in the NCLB (specifically, sections 5131(a)(23) and 
5131(c) of the NCLB) was used by the United States Department of Education to 
reauthorize single-sex education in public schools (Bracey, 2006). In a draft of the new 
legislation released in March 2004, the Department sets forth requirements under which 
school districts may offer single-sex education, in the form of entire single-sex schools or 
single-sex classes within coeducational schools (US Department of Education, March 9, 
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2004). Bracey (2006) points out that the new regulations seem to be more flexible for the 
case of entire single-sex schools.  
The 2006 change in US federal policy on single-sex education started an 
ideological debate between the proponents and critics of this type of schooling. On one 
end of the debate, proponents of single-sex education cite research in neuroscience 
showing specific brain differences between men and women (Sax, 2005 and references 
therein). They also cite studies suggesting that single-sex schools seem to provide boys 
and girls with an environment where they attain higher academic achievement and 
graduation rates (Finn, 1980; Hamilton, 1985; Lee & Bryk, 1986; Riordan, 1990; 
Cresswell, Rowe & Withers, 2002; Younger & Warrington, 2005). Scantlebury and 
Baker (2007) cite strong evidence that single-sex environments “provide girls with a 
sense of empowerment, confidence to ask questions in class, an intimidation-free 
classroom climate, and a positive attitude toward science” (p. 276). At the opposite end, 
civil-liberties and feminist groups argue that single-sex education violates the federal 
rights of equality of sexes guaranteed in the US Constitution (American Association of 
University Women, AAUW). Their support for coeducational schools is often based on 
the claim that the success of single-sex schools could be the result of educational 
practices such as better teacher preparation, additional school resources or parental 
involvement, rather than the gender composition of the school (Sadker & Zittleman, 
2004). The middle-ground is shared by people who believe single-sex environment seems 
to have better results only on some groups of students, such as those coming from 
underprivileged socio-economic backgrounds (Riordan, 2002). 
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The new opportunity for US public schools to offer single-sex education 
prompted the Department of Education to conduct a systematic review of research studies 
that explored the effectiveness of this type of schooling (US Department of Education, 
2005). According to this review, “research in the United States on the question of 
whether public single-sex education might be beneficial to males, females or a subset of 
either group (particularly disadvantaged youths) has been limited” (p. ix). The majority of 
the 40 studies reviewed by US Department of Education (2005) focused on student 
outcomes such as academic achievement and socio-emotional development. These 
studies either yielded results in favor of single-sex schooling or reported no differences 
between the two types of schooling, while only a small number of studies found 
outcomes with support for the superiority of coeducation. The authors of the review 
conclude that “in terms of outcomes that may be of most interest to the primary 
stakeholders (students and their parents), such as academic achievement test scores, self-
concept, and long-term indicators of success, there is a degree of support for single-sex 
schooling” (p. xvii). 
Since, in the United States, single-sex education was banned from public schools 
between 1972 until 2006, single-sex schooling was available only in the private sector, 
mostly in Catholic schools. Thus far, studies comparing single-sex with coeducational 
schools have been carried out at the national level mostly in England and other countries 
with education systems modeled after the British one, such as Australia, Jamaica, and 
New Zealand (Hamilton, 1985; Cresswell, Rowe & Withers, 2002; Spielhofer, Benton, & 
Schagen, 2004; Younger & Warrington, 2005). In terms of student achievement, a similar 
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pattern in almost every subject tested was prevalent: girls in single-sex schools 
demonstrate the highest achievement, followed by boys in single-sex schools, boys in 
coeducational schools and girls in coeducational schools (Hamilton, 1985; Cresswell, 
Rowe & Withers, 2002; Spielhofer, Benton, & Schagen, 2004; Younger & Warrington, 
2005). 
Notwithstanding the academic debate on single-sex versus coeducational 
schooling, all sides concur that research findings are inconclusive and that the US’s 
Department of Education’s action –like any other change that has policy implications – 
calls for research that compares single-sex with coeducational schools. 
1.2. Statement of the Problem 
The new regulations released by the US Department of Education call for 
scientifically-based research to inform the new practice on allowing school districts to 
implement single-sex education as part of the larger effort to increase student 
achievement. Between 1972 and 2006, research studies on single-sex education were 
sparse in the US and occurred only in the private education sector, mostly in Catholic 
schools. Therefore, it is natural to turn to other countries, where single-sex education has 
a long tradition, to investigate the impact of single-sex schooling on student achievement 
and attitudes towards science.  
This study will use Trends in Mathematics and Science Study (TIMSS) datasets 
from 1995, 1999, and 2003 for two countries to explore whether there are any patterns in 
the differences between the outcomes of students educated in single-sex schools and 
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those in coeducation schools. TIMSS was designed to measure and improve mathematics 
and science achievement by collecting, analyzing and reporting comparative data in 40 to 
50 countries around the world on a regular four-year cycle since 1995.  Assessments have 
been conducted in 1995, 1999, 2003, 2007 and 20011. An important characteristic of 
TIMSS project is that, along with administering achievement tests to monitor 
mathematics and science performance of students in fourth and eighth-grades, it also 
collects extensive data about the school and home contexts for learning the curricula in 
these two subjects.  TIMSS is conducted by the TIMSS and PIRLS International Study 
Center (ISC) at Boston College on behalf of the International Association for the 
Evaluation of Educational Achievement (IEA). 
By collecting a large amount of information on the background and achievement 
of students from many countries across three cycles of administration, the TIMSS 
database provides an excellent source of trend data to conduct such a research study. 
Among the participating countries, Hong Kong and New Zealand were chosen for the 
analysis here, because they participated in all three TIMSS administrations and offered 
single-sex education at the eighth-grade.  
As discussed later in Chapter 2, single-sex education literature has focused either 
on academic outcomes, such as student achievement, or socio-emotional outcomes, such 
as attitudes toward the academic subject. Previous studies provide moderate evidence to 
support the idea that single-sex environments seem to induce more positive attitudes 
towards science in students. However, thus far, the results are mixed in deciding whether 
single-sex or coeducational schools have a greater contribution to student performance in 
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science. Nevertheless, science achievement has been frequently related in the literature to 
attitudes towards science (House 1996, 2000a, 2000c, 2003, 2004; Shen & Tam, 2004; 
Webster & Fisher, 2000, to name just a few). Therefore, including attitudes towards 
science as a predictor in modeling the relation between science achievement and school 
type may result in attenuated estimates of the effect of school type. In this dissertation, 
student attitudes towards science were viewed more as an auxiliary outcome variable and 
modeled in a parallel analysis, the target outcome variable being science achievement. 
This dissertation explored ways to bridge the gap between results reported in the previous 
literature.  
In an observational study, self-selection of participants to treatment and control 
groups becomes a problem when interpreting the findings in terms of implying causal 
relationships. In the study proposed here, students were not randomly assigned to attend 
single-sex or coeducational schools. Hence, the group of students in single-sex schools 
was not equivalent to the group of students in coeducational schools and there was a 
possibility that both groups were subject to selection bias. For example, there may have 
been some systematic differences between families who choose to send their children to 
single-sex schools and the population of a country. If these systematic differences 
between families were correlated with student achievement, then the estimated average 
achievement difference between students from both school types may be confounded 
with the unobserved differences between the families, even after adjusting for observed 
variables such as family income or level of education.  
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Over time, statisticians have developed different techniques known under the 
name of sensitivity analysis in order to find mathematical solutions to the problems of 
selection bias and unmeasured respondent characteristics. This dissertation explored a 
critical question with regard to the comparison of single-sex and coeducational schools, 
namely whether the estimates of any of the comparisons between students enrolled in 
single-sex schools and those enrolled in coeducational schools would be significantly 
changed if they were adjusted simultaneously with respect to several student 
characteristics.  
1.3. Research Design 
TIMSS data will be used in this study to explore how science achievement and 
attitudes toward science among students educated in single-sex schools compares to that 
of students of the same sex educated in coeducational schools. The achievement and 
attitudes’ differences between the two types of schools have been analyzed using the 
datasets for Hong Kong and New Zealand from each of the three TIMSS cycles, 1995, 
1999, and 2003 at the eighth-grade. Analyses will be disaggregated by sex and school 
type, so that separate comparisons between school types will be performed for boys and 
girls. Moreover, if any differences will be observed, this study will also investigate 
whether these differences are consistent over the three points in time.  
Specifically, the achievement and attitude gap between the two types of schools 
will be modeled with a multilevel approach, using student and school characteristics 
identified in the single-sex education literature. 
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The research questions addressed here are: 
1. For the two countries selected in this study, are there any differences in science 
performance and attitudes toward science between students in single-sex schools 
and students of the same sex educated in coeducational schools in TIMSS 1995, 
1999 and 2003 administrations? 
2. If any differences are observed, to what extent can these differences be accounted 
for by student characteristics? 
3. If any differences are observed, to what extent can these differences be accounted 
for not only by student characteristics but also by school characteristics (other 
than school-type)? 
4. What student and school characteristics (other than school-type) can account for 
any observed differences? 
5. How robust were the estimated student effects to the presence of unobserved 
selection bias? 
1.4. Definition of Key Terms 
In general, the term single-sex education refers to “education at the elementary, 
secondary, or postsecondary level in which males or females attend school exclusively 
with members of their own sex” (US Department of Education, 2005, p. ix). In some 
cases, students are separated in single-sex classes for a particular subject, for example all-
girls science classes, while in other cases the entire school has students of the same sex. 
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As opposed to single-sex schools, in coeducational schools both males and female 
students are mixed in the same classes.  
Referring to the notions of gender- and sex- differences, Scantlebury and Baker 
(2007) explain that many times these terms were “used interchangeably and incorrectly” 
(p. 258). Fortunately, these authors note a tendency in the literature “to use the term sex 
differences to refer to the biological dichotomy of male and female bodies, whereas 
gender is considered a social construct, usually based upon the biology of one’s body” (p. 
258). This study will adopt the same use of terminology. Moreover, in order to avoid any 
confusion, this study will consistently use the term single-sex to refer to schools in which 
all students have the same sex and coeducation to refer to mixed schools. 
This dissertation focused on two types of student outcomes: science achievement 
and attitudes toward science.  
Science achievement has been defined as “an indicator of composite mastery over 
the scholastic content-area skills required in sciences acquired over a restricted span of 
time (US Department of Education, 2005, p. 54). This construct is usually measured by 
test scores.  
Attitudes toward science is, on the other hand, a more complex construct and 
several definitions have been proposed in the literature. One definition was proposed by 
Osborne, Simon and Collins (2003) as “the feelings, beliefs and values held about an 
object that may be the enterprise of science, school science, the impact of science on 
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society or scientists themselves”. A more detailed discussion on the different points of 
view about the definition of attitudes toward science is offered in Chapter 2.  
Other key terms used in this dissertation include selection bias and sensitivity 
analysis. The remained of this section focuses on briefly introducing these terms, while 
more details are provided in the literature review and methodology chapters. 
According to Gustafsson (2006), the term selection bias describes a situation in 
which “groups of students who received different treatments were not comparable in 
terms of their level of performance (or other characteristics related to the outcome) before 
they received the treatment” (p. 6). 
Sensitivity analysis (SA) was defined by Saltelli (2006) as “the study of how the 
variation in the output of a model (numerical or otherwise) can be apportioned to 
different sources of uncertainty in the model input” (p. 2). In the beginning, sensitivity 
analysis was created to assess the uncertainties in the independent variables and model 
parameters (i.e., standard error of the estimates). Later, SA evolved to incorporate model 
conceptual uncertainty, i.e., uncertainty in model structures, assumptions and 
specifications, and became closely linked to uncertainty analysis (Saltelli, 2006). 
In this study, the sensitivity analysis employed a numerical simulation experiment 
that belongs to a class called Monte Carlo simulations. Monte Carlo simulation is a 
technique for estimating a numerical quantity of interest as the statistical average of the 
outcomes of a large number of numerical experiments (Grimmett & Stirzaker, 2001). The 
Monte Carlo simulation is often used as an alternative to performing a specific 
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calculation that would be otherwise too difficult to do in practice: either too time-
consuming or beyond the available computational resources. These techniques were 
named after the casinos in Monte Carlo by Metropolis, von Neumann and Ulam who 
used them during their work on nuclear weapons design at Los Alamos National Lab in 
the 1940s (Grimmett & Stirzaker, 2001). 
1.5. Significance of the Study 
This dissertation takes advantage of the data collected in TIMSS in all its three 
cycles and compares science performance and attitudes toward science of eighth-grade 
students in single-sex and coeducational schools in two countries that offered single-sex 
education, i.e.,  Hong Kong and New Zealand. By drawing on the information from 
countries where same-sex education has been in place for a long time, this analysis can 
generate useful information about the intrinsic value of single-sex education.  
A systematic review of single-sex education research conducted by US 
Department of Education revealed that the majority of studies from the single-sex 
literature have been conducted in Catholic single-sex schools, in which students are 
separated by sex only in adolescence (US Department of Education, 2005). Also, a large 
number of these studies examined high school students, with a small minority using 
elementary school students. This dissertation study offers the opportunity to study middle 
school students in both countries, and not only in private, parochial schools, but also in 
public ones. 
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Another finding is a pronounced tendency to study girls’ schools more than boys’ 
schools (US Department of Education, 2005). This dissertation study will compare the 
performance of boys in boys’ schools with boys in coeducational schools and similarly, 
girls in girls’ schools with girls in coeducational schools.   
The authors of the meta-analysis published by the US Department of Education 
observed that, among the academic outcomes used to evaluate the effectiveness of single-
sex schools in comparison to coeducational schools, the review generally reports on 
mathematics or English achievement test scores (US Department of Education, 2005, p. 
xvii). By studying the difference in science test scores, this dissertation will substantially 
add to the current knowledge base, especially since science is one of the academic topics 
repeatedly linked to gender stereotypes. 
Last but not least, the authors of the meta-analysis published by the US 
Department of Education argue that, thus far, there is a lack of randomized experiments 
or correlational studies with adequate statistical controls across all possible outcomes 
related to single-sex schooling; only a few researchers report descriptive statistics or 
effect sizes; studies differ in the criteria and the statistical controls they use to compare 
single-sex and coeducational schooling; and last but not least, many studies have 
“conceptual or interpretive flaws” such as “lack of well-developed hypotheses, 
hypotheses often not directly linked to the outcomes being studied” (US Department of 
Education, 2005, p. xvii). This dissertation study used a multilevel approach to data 
analysis, which takes into account the clustered structure of the dataset. It also assessed 
the sensitivity of the estimated effects to the presence of omitted variable by building on 
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the approach proposed by Rosenbaum and Rubin (1983) and modified by Montgomery, 
Richards, and Braun (1986). To this author’s knowledge, there has been no attempt 
reported in the literature to use the above methodology in the context of hierarchical 
linear models (HLM). 
1.6. Limitations of the Study 
It is important to note that investigators who plan to conduct scientific research on 
single-sex schools encounter a number of significant methodological limitations.  
One important limitation of these studies stems from the fact that students are not 
randomly assigned to attend single-sex or coeducational schools, but rather are self-
selected into one type of school or another. Salomone (2003) pointed out that parents 
who enroll their children in single-sex schools may choose to do because they believe 
that coeducational schools cannot offer a proper education to their children. However, 
these families may have more common characteristics than the general population, like 
higher socio-economic status or parents with higher level of education. As a result, 
because of unobserved selection bias, which may not be properly explained by the 
variables in the dataset, the estimated effect of single-sex schooling on science 
achievement may be badly biased. Therefore, interpretation of the results of this study in 
terms of causal relationships is not supported by the study design. 
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2. LITERATURE REVIEW 
This chapter is divided into four sections. The first section describes the main 
characteristics of the education systems in the two jurisdictions used in this comparative 
study; namely, New Zealand and Hong Kong. The second section presents a brief history 
of single-sex education, discusses the different beliefs involved in the debate over single-
sex versus coeducation, and reviews the studies that support either single-sex or 
coeducational environments. The third section reviews the literature on the relationship 
between relevant background variables and science achievement. The fourth section 
introduces the major methodological difficulties encountered in performing secondary 
analysis of data collected in observational studies, and thus, introduces the discussion of 
sensitivity analysis, which is detailed in Chapter 3.  
2.1. Education Systems in the Two Countries 
This section provides contextual information regarding the schooling systems in 
Hong Kong and New Zealand. For each jurisdiction, information about enrollment, 
school cycles, governance and financing is provided. 
2.1.1. New Zealand 
New Zealand is an archipelago situated in the southwest region of the Pacific 
Ocean, comprising two main islands, North Island and South Island, as well as several 
smaller islands. In 2001, New Zealand’s population was about 4 million people (World 
Bank, 2001). Approximately 75 percent of the country’s population lives on the North 
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Island, especially in urban areas consisting of 30,000 people or more. Approximately 
three-quarters of New Zealanders are of European origin, primarily from the British Isles 
and other western European countries. Mäori people are indigenous to New Zealand and 
constitute approximately 14 percent of the population, while immigrants from Pacific and 
Asian backgrounds each comprise more than five percent of the population 
(Chamberlain, 2002). New Zealand is an independent country, with a GNI per capita of 
US$ 13,990 in 2000 (World Bank, 2001). 
The Education Act of 1989 guaranteed free public education to all students 
between the ages of 5 and 19 in New Zealand’s (Chamberlain, 2002). Parents of children 
enrolled at each state primary and secondary school elect a Board of Trustees, which has 
autonomy in the management of the schools within its jurisdiction, but is responsible for 
allocating operational funds. Sources of school funding depend on student enrollment, 
school type, the socio-economic demographics of the surrounding community, and the 
school’s property profile. In 2000, the central government allocated 17 percent of total 
expenses to public expenditure on education (Chamberlain, 2002). 
Pre-primary education is available to children under the age of six, and is by 
parental choice. However, almost all children start schooling when they turn five, in what 
is commonly called the New Entrants class (Chamberlain, 2002). All children starting 
from the age of 6 are enrolled in primary school, which extends to the end of the eighth 
year (Year 8). The three types of primary school are: full primary schools that serve New 
Entrants through Year 8, contributing primary schools (more common in urban areas) 
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that run from New Entrants to Year 6, and intermediate schools for Years 7 and 8 
(Chamberlain, 2002).  
The most common type secondary schools are state schools, which are available 
for students from Year 9 to the end of Year 13, and are primarily coeducational. New 
Zealand also has a small number of independent schools, including boarding schools that 
are funded privately. Because of New Zealand’s terrain, there are many small isolated 
schools throughout the country, which accommodate both primary and secondary 
students (Chamberlain, 2002).  
New Zealand had no national examinations for primary schools. Starting in 2002, 
all students enrolled in the final three years of secondary school took the National 
Certificate of Education Achievement, a test that replaced the five separate qualifications 
used prior to 2000 (Chamberlain, 2002).  
New Zealand participated in all three TIMSS assessments and was ranked above 
the international average in all of them. At the eighth-grade, the average scale score in 
science was 511 in TIMSS 1995, 510 in 1999 and 520 in 2003. Therefore, in TIMSS 
2003, eighth-grade students from New Zealand showed an increase of 9 scale points from 
1995 and 10 points from 1999. At the fourth-grade, the average scale score in science 
was 505 in TIMSS 1995, and 523 in 2003; therefore, there was an increase of 18 scale 
points from 1995. 
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2.1.2. Hong Kong 
Hong Kong is located on China’s southern coast and is one of the world’s major 
commercial capitals. According to the 2001 census, Hong Kong has a population of 
nearly 6.8 million. Ninety-five percent of residents are of Chinese origin, while the rest 
five percent comprise of people from various countries, including the Philippines, 
Indonesia, and the United States (Kam, 2002). 
Starting on July 1st, 1997, Hong Kong became a Special Administrative Region 
(SAR)1 of the People’s Republic of China. However, except for the areas of defense and 
foreign affairs, Hong Kong is autonomous in all other areas, including executive, 
legislative and independent judicial power (Kam, 2002). The Basic Law (i.e., the 
agreement with China) authorizes Hong Kong to remain a free port, a separate customs 
territory and an international financial center until 2047. The strategic location at the 
doorway to Chinese Mainland empowered Hong Kong to become a global financial, 
business, and communications center, with the busiest container port in the world, and 
one of the world’s busiest airports. It is ranked the 10th largest trading entity in the world, 
the world’s 10th largest banking center and has the 7th largest foreign exchange market 
(Kam, 2002). During the past two decades, Hong Kong’s economy almost tripled in size, 
its GDP grew at an average annual rate of 5.4 percent in real terms, while the GNI per 
capita reached US$ 24,000 in 2000 (World Bank’s World Development Indicators, 
2001).  
                                                 
1 Although the official name of the country is Hong Kong SAR, in order to avoid wordiness, for the rest of 
the study the SAR notation will be dropped and the jurisdiction will be called Hong Kong. 
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For many centuries, the territory we know today as Hong Kong was part of 
Imperial China. Before the British colonialization in 1841, the only form of education 
was provided by village schools which were modeled after Imperial China's educational 
system. However, wealthy Chinese families preferred to send their children back to the 
mainland for traditional Chinese education (Wikipedia, 2011). Later on, Protestant and 
Catholic missionaries coming especially from Italy established the first boys-only schools 
for British and Chinese students in 1843 (Wikipedia, 2011). In 1861, Frederick Stewart 
introduced the modern western-style education model into the Colonial Hong Kong 
school system. Due to this important reform, he is also known as “The Founder of Hong 
Kong Education” (Wikipedia, 2011). The social awareness that started with the May 4th 
Movement in 1919 and New Life Movement in 1934 raised the question of introducing a 
form of Chinese education into the British system of the 1860s (Wikipedia, 2011). Since 
then, the education system of Hong Kong is similar to that of the United Kingdom and 
followed the same reforms from 1960s and 1970s in UK. New reforms are underway in 
2007 (Wikipedia, 2011).  
Hong Kong provides nine years of free and universal basic education for all 
children between the age of 6 and 15 years old (Kam, 2002). The education system of 
Hong Kong comprises kindergartens, primary, and secondary schools, which may be 
public or privately owned. In 2000-01, public expenditure on education was HK$ 54,383 
million, accounting for 18.9 percent of the total public expenditure and 4.1 percent of the 
GDP, respectively (Kam, 2002). It is estimated that slightly over one million people, i.e., 
about 19 percent of the total population, was enrolled in full-time education in 2000. Of 
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the total enrollment across all educational levels, 14.4 percent were in kindergartens, 44.1 
percent in primary schools, and 40.7 percent in secondary schools (Kam, 2002). 
Pre-primary education offers childcare centers, including nurseries, for children 
from 2 to 6 years old, and kindergartens, for children from 3 to 6 years old. Primary 
schools enroll every child 6 to 11 years old. In September 2000, 444,711 children were 
enrolled in 719 government or government-aided primary schools, while 9 percent of 
children attended private primary schools (Kam, 2002).  
Secondary education enrolled every child in levels 1 to 3 and offered five types of 
schools: grammar, technical, prevocational, practical, and skills.  
In Hong Kong, entry to popular schools is very competitive, which, in turn, is a 
source of intense pressure on children. In order to reduce this burden, the government 
established a centralized system that regulates admission policies to both government and 
government-aided schools. 
Hong Kong students score very highly on international tests. For example, they 
ranked first in mathematics and third in science in the 2003 OECD's international 
assessment of student performance also known as Programme for International Student 
Assessment (PISA). Hong Kong has also participated in all three TIMSS assessments and 
was ranked among the high achieving countries in all them. At the eighth-grade, the 
average scale score in science was 510 in TIMSS 1995, 530 in 1999 and 556 in 2003. 
Therefore, in TIMSS 2003, eighth-grade students from Hong Kong showed an increase of 
46 scale points from 1995 and 27 points from 1999. At the fourth-grade, the average 
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scale score in science was 508 in TIMSS 1995, and 542 in 2003; therefore, an increase of 
35 scale points from 1995. 
2.2. Review of Single-Sex Education Literature 
This section begins by introducing the issues related to gender differences in 
science. Next, a brief history of single-sex education is presented, followed by a 
discussion of the three categories of beliefs involved in the debate over single-sex 
education. Finally, the findings from the most important research studies that investigated 
the effect of school type on different student outcomes will be provided. These studies 
will be discussed according to two different criteria: their support for either single-sex or 
coeducational schools and according to the type of outcome that was investigated; that is, 
whether they looked at academic achievement or socio-emotional development, or both.  
2.2.1. Gender Issues in Science Education Research 
There are currently various associations of parents and scholars that are proposing 
single-sex education on the basis of gender differences in the human brain as the new 
paradigm for academic success. The most prominent example is the National Association 
for Single-sex Public Education (NASSPE), originally called the National Association for 
the Advancement of Single-sex Public Education. Based on various biological and 
linguistic data, Dr. Sax of the NASSPE concluded that: “Human nature is gendered to the 
core” (Sax, 2005. p. 237).  
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Consequently, sex appears to be at the core of the debate on single-sex education. 
Hence, it seems natural to start the discussion on the relationship between single-sex 
schooling and student outcomes by pointing out gender inequalities and how they have 
been explored in relation to science education.  
In many countries, women still have limited access to education and this is the 
major impediment to their interest in taking courses and pursuing careers in science, 
technology, engineering and mathematics (STEM). For example, the World Bank 
estimated that out of the 150 million children enrolled in primary education in 2002, 100 
million were girls who were expected to leave school before completing their education. 
Moreover, in 2003, the United Nations Educational, Scientific and Cultural Organization 
(UNESCO) estimated that worldwide, 104 million children between 6 - 11 year olds are 
not in school each year and that 60 million of these children are girls (UNESCO, 2003). 
Nearly 30 years ago, the United Nations officially stated that women’s equal rights and 
access to education is a fundamental right. In September 2000, 189 states members of the 
United Nations adopted the Millennium Declaration in which they set forth the 
Millennium Development Goals to be achieved in the time span between 1990 and 2015 
(United Nations Development Fund for Women, 2004). In other words, these nations are 
planning in 25 years to attain substantial improvements in the lives of people around the 
world. Worldwide evidence suggests that when a country eliminates gender disparities in 
education, a number of benefits develop; including increased economic productivity, 
decreased maternal and infant mortality, decreased fertility rates, and improved health 
and educational prospects for that country. With this in mind, the Millennium 
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Development Goals call for eliminating gender disparities in primary and secondary 
school by 2005 and at all levels by 2015.  
In poor countries, many families encounter social and economic obstacles that 
prevent them from sending their daughters to school (United Nations Development Fund 
for Women, 2004). It is often the case that a daughter may be more valuable for her 
family working at home than spending time in school, which is perceived as paying-off 
only in long-run (if at all) and too long for the immediate basic needs of her family. 
Gender-specific strategies and interventions have been outlined in The World Bank's 
Girls' Education Initiative (United Nations Development Fund for Women, 2004). These 
include construction of toilet blocks and water sources in schools, provision of nursery 
and preschool centers where girls can leave younger siblings, abolition of school fees and 
uniforms, and provision of free or subsidized textbooks. It also expected that overcoming 
women’s disadvantages in the labor force and increasing their representation in public 
life will encourage more girls to attend and stay in school. 
In science education in particular, women have yet to overcome many obstacles. 
The question about women’s place in science and their innate capability to achieve at the 
highest levels in mathematics and science is both old and new. Two Harvard University 
professors have asserted that women may be “innately less capable” than men to achieve 
at the highest level in mathematics and science. In fact, in 1873 Dr. Edward Clarke 
claimed that higher education was unhealthy and even “unnatural” for girls (Clarke cited 
by Sax, 2005). A hundred years later, Dr. Lawrence H. Summers started a fierce debate 
on January 14th, 2005 when, while giving a talk at a conference on diversifying the 
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science and engineering workforce, suggested that innate differences between men and 
women might be one reason why fewer women succeed in holding senior academic 
positions in math, physics, engineering, and technology (Summers, 2005). 
The two countries used in this dissertation have also encountered gender-related 
issues in science. For example, TIMSS data for Hong Kong indicated that gender 
differences favoring males appeared in the physical sciences at the fourth grade (earth 
science, physical science) and eighth grade (earth science, physics, chemistry) (IEA, 
2000). 
During the nineteenth century, very few New Zealand girls had access to 
secondary education, and the curriculum taught in schools strongly reinforced gender 
stereotypes. The feminist movement of the 1970s and 1980s in New Zealand argued that 
the curriculum taught in schools during that time reinforced gender stereotypes 
(Scantlebury & Baker, 2007). In 1981, New Zealand founded an international 
organization known as GASAT (Gender and Science and Technology) that has a global 
network of women and holds international conferences every 2-3 years for promoting 
gender equity in science and technology worldwide (Scantlebury & Baker, 2007).  
Efforts to increase the participation of women in scientific careers resulted in a 
smaller gap between men and women choosing STEM as a field of study. For example, 
according to New Zealand’s 1996 census, university graduation rates in all fields of 
science was 15,742 for men compared with approximately 13,000 women. Only 
engineering seemed to remain a highly gendered occupation in New Zealand, with 
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133,950 male students studying engineering compared to 3,633 females (New Zealand 
Bureau of Statistics, 2004).  
2.2.2. History of Single-Sex Education 
For centuries, women in the United States and most Western countries did not 
attend schools and were educated at home (Bracey, 2006). Even a famous woman 
scientist, Marie Sklodowska-Curie, was born in Poland and had to be home-schooled in 
her early years so that she could study mathematics and science. 
However, in the 1800s single-sex schools for girls became a common practice, 
particularly in secondary education and higher education. At the beginning of the 20th 
century, communities started “coeducational ‘common’ schools”(Bracey, 2006, p. 1) and, 
when the Baby Boomer generation brought a large number of students to US schools, 
coeducation were considered more economical type of education for these children. Also, 
the feminist movement of the sixties drove the societies towards gender equality and 
single-sex education remained solely in the private sector as either church-affiliated 
schools or independent secular schools. In 1972 the passage of Title IX legislation 
promoting gender equity made it illegal to create new single-sex public schools and 
classes, except for rare exceptions, such as physical education.  
In the following decades, mainly 1990-2006, some studies warned that children in 
single sex schools are outperforming children in coeducational schools. Notable studies 
are “Girls and boys in school: together or separate?” (Cornelius Riordan, 1990) in the US, 
Germany’s newspaper Der Spiegel asked “Was coeducation a historical error?” (Der 
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Spiegel 1998), France published “The Pitfalls of Mixed Education” (Fize 2003), while 
Australia conducted a 20-year study of 270,000 students (Cresswell, Rowe & Withers, 
2002) and, the National Foundation for Educational Research in England published a 
large study in 2002 (Spielhofer, Benton, & Schagen, 2004). Fize (2003) doubted the 
benefits of coeducation for adolescent students and, in turn, promoted single-sex schools 
as the new paradigm for academic achievement. 
After decades of discussions about girls falling behind in math and sciences, more 
recently educational researchers and psychologists became concerned with boys lagging 
behind girls. Indicators of academic achievement suggest gender differences in 
standardized test scores, with girls demonstrating higher performance than boys in 
reading and writing (Smith &Wilhelm, 2002). Another concern about boys is that they 
have systematically higher drop-out rates than girls. In Canada, student drop-out rate for 
boys was higher than for girls in Quebec schools: for example, 12 percent of young men 
dropped out of high school compared with 7 percent for young women during 2004– 
2005 academic year (Demers & Bennett, 2007).  
William Pollock (1998) wrote in his book “Real Boys: Rescuing Our Sons from 
the Myths of Boyhood” that boys have some unique socio-emotional and educational 
needs that are not met in typical coeducational environments. Although he does not 
directly advocates for single-sex education, this author suggests that boys’ needs may be 
better attended to in all-boys classes. Other researchers suggest that girls would benefit 
more from single-sex education than boys because they would no longer be exposed to 
the “troublesome” behavior of some boys. Also, as far as boys are concerned, just 
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separating boys from girls in single-sex environments cannot lead alone to increased 
learning and academic success rates, unless further improvements are added, such as 
better instructional strategies, more resources, etc. (Demers & Bennett, 2007). Boys are, 
in general, more active than girls in school settings and, consequently, require 
challenging activities, such as sports, to use their higher level of energy. This observation 
led some authors to conclude that there is a clear difference in the type of school projects 
that would be appropriate for each sex (Sax, 2006; Demers & Bennett, 2007). 
In March, 2004, the U.S. Department of Education made public a draft of the 
regulations governing the operation of single-sex classes, as follows:  
“1. Coeducational schools operating single-
sex classes must provide a rationale for the classes, 
such as a historic failure of girls to enroll in certain 
classes offered for both sexes (for example, physics 
or computer science). 2. They must provide either a 
single-sex class for the other gender or a 
coeducational class in the same subject at the same 
schools. 3. They must conduct periodic reviews to 
determine if conditions still render the single-sex 
class necessary.” (Bracey, 2006, p.2) 
On the other hand, if districts chose to offer entire single-sex schools, i.e., boys-
only or girls-only schools, they would not have to provide any rationale or conduct 
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periodic evaluation of these programs. They would have to “provide ‘substantially equal’ 
courses, services, and facilities at some other school or schools within the same district” 
(Bracey, 2006, p.2). As mentioned before, the U.S. Department of Education published 
these regulations on October 25, 2006.  
Since single-sex education was banned from 1972 until 2006, there were initially 
three single-sex publicly funded schools in America. By 2006, this number increased to 
50 single-sex schools and 200 single-sex classes (excluding physical education) were 
identified in coeducational schools. 
The Young Women’s Leadership School opened its doors to female students in 
East Harlem 10 years ago, and created a controversy when it first opened. In spite of the 
poverty level of the women attending this school - approximately 85 percent of the 
school’s population qualifies for free meals - the school’s graduation rate was 100 
percent, which is considered a sure sign of academic success (Birkner, 2006). 
In August 2006, the governor of Michigan signed a legislation permitting districts 
to operate single-sex schools. The law may help Detroit Public Schools, whose 
enrollment has fallen from 150,000 in the 1990’s to 119,000 in the 2006-07 school year. 
Apparently, students who dropped out from Detroit’s public schools enrolled in charter 
schools, and Detroit officials hope that the option for single-sex schools may encourage 
parents to keep their children in the public schools. On the other hand, also in August 
2006, Livingston Parish, Louisiana, near Baton Rouge, dropped its plan to pilot a single-
sex school converted from a coeducational school due to the threat of a legal battle with 
the American Civil Liberties Union. 
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In Canada, where single-sex education is still available in public schools, single-
sex classrooms were introduced in some Ontario schools to address perceived gaps in 
achievement of girls in mathematics. In Quebec there were over 250 intervention projects 
to improve boys’ learning during the 2003–04 academic year and the majority of these 
interventions consisted of teaching students in single-sex classrooms (Demers & Bennett, 
2004). 
Single-sex education has a long tradition in the countries studied in this 
dissertation. For example, in Hong-Kong, the first single-sex schools were opened for 
boys of British and Chinese descent in 1843. Later on, Hong-Kong’s secondary education 
was modeled after the English schooling system, and to this day, ten percent of schools in 
Hong-Kong comprise single-sex schools (Smithers & Robinson, 2006). In New Zealand, 
single-sex education is more common at secondary level in public schools, while primary 
and intermediate level schools are mostly coeducational. Private schools are governed by 
their own independent boards and may be either co-educational or single-sex. 
2.2.3. Single-Sex versus Coeducation Debate 
2.2.3.1. Supporters of Single-Sex Education 
Supporters of single-sex education founded the National Association for the 
Advancement of Single Sex Public Education (NASSPE) in 20022. Members of the 
association believe that boys and girls have innate brain differences that make them learn 
differently and hence, single-sex settings are better at fostering learning. The advocate of 
                                                 
2 The word “Advancement of” was later dropped from the name.  
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this theory is Dr. Leonard Sax, who is also the founder of NASSPE. In his book, “Why 
Gender Matters” (2005), Dr. Sax presents evidence for the gender differences in male and 
female brain, such as differences in cognitive function and language skills. Sax reports 
that “the average girl’s vocabulary is slightly larger than the average boy’s, for example, 
while the average boy performs slightly better on tests of spatial rotation than does the 
average girl” (Sax, 2006, p. 190). Later on, Dr. Sax presents evidence that there are 
significant differences in how boys and girls hear, see, and smell. For example, he cites 
studies showing that“ girls acquire binocular vision at a much earlier age than boys do 
and that the visual cortex appears to be organized in fundamentally different ways in 
females and males” (Sax, 2006, p. 191). In terms of smell, Sax reports that “under certain 
circumstances, a woman’s sense of smell is at least 100,000 times more sensitive than a 
man’s”. Studies show also that females hear better than males “particularly at the higher 
frequencies most important for speech discrimination. Those differences grow larger as 
kids get older (Sax, 2006, p. 191; see also Sax, 2005 and references therein).”  
Interestingly enough, Sax cites a study in which ergonomics specialists report 
that, when dressed in bathing suits, the ideal ambient temperature for young men is about 
71 F, while for young women this would be 77 F (Sax, 2006). Based on this observation, 
Sax concludes that, in a classroom environment, boys would be comfortable at about 69 
F, and girls at about 75 F. He even describes the case of an all-boys private boarding 
school that maintains the temperatures in the lower range to keep its male students alert 
and improve their learning. Based on these results, Sax points out to the obvious logistic 
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difficulty faced for a coeducational class to have the comfortable ambient for both sexes 
in the same time. 
Dr. Sax claims a set of instructional strategies that would observe the differences 
in learning styles and needs for each sex (Sax, 2005, 2006). Examples of these 
instructional strategies include a better seating arrangement in the classroom which 
would have boys sitting closer to the front of the classroom to better hear the teacher. 
Also, in single-sex classrooms, students would be less distracted from their studies and 
teachers would have more time devoted to instruction and less to discipline. For example, 
girls might have a disadvantage in coeducational classrooms because boys tend to 
dominate the classrooms with their attention-getting behavior (Sadker & Sadker, 1994). 
In turn, single-sex schools, or at least classes, may provide girls with more opportunities 
to interact with the teacher or to engage in leadership activities.  
Other authors think that single-sex settings allow teachers to engage students in 
topics that would be considered ‘taboo’ in coeducational classes. For example, boys in 
single-sex classes can focus on academic subjects such as language arts, while girls 
would be more inclined to take courses in mathematics and the sciences, would have 
better attitudes towards these subjects and, potentially, would have higher achievement 
(Sax, 2005). 
In conclusion, advocates of single-sex education argue that differences in boys’ 
and girls’ brain require different teaching styles and classroom structures that should 
accommodate the different needs of each sex. All these ideas suggest a big need for 
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further research involving classroom observation and gender specific instruction 
implementation. 
2.2.3.2. Opponents to Single-Sex Education 
The regulations proposed by the US Department of Education on October 2006 
have been criticized by a number of scholars. For example, feminist groups, such as 
American Association of University Women (AAUW), the National Organization of 
Women and the Feminist Majority Foundation, pointed out that the regulations proposed 
by the Department of Education seem to lack clarity. They argue that, on one hand, the 
Department suggests that single-sex classes would improve achievement but, on the other 
hand, to meet the “substantially equal” requirement, a district needed to provide only 
coeducational classes, which is contradictory (AAUW, 2004).  
Other scholars attribute the success of single-sex schools to their better 
educational practices, including smaller class sizes, engaged parents, well-trained 
teachers, and strong academic emphasis, than their policy on gender (Sadker & 
Zittleman, 2004). These two authors estimate that more studies involving public schools 
are necessary to determine the effectiveness of single-sex education on student outcomes.  
The position adopted by Sadker and Zittleman (2004) illustrates one set of beliefs 
about single-sex schools: that effective instructional practices – which are found more 
often in single-sex environments- are the underlying factor in the success of these 
schools. In “Separated by Sex: A Critical Look at Single-sex Education for Girls”, the 
AAUW suggested that both sexes should thrive in coeducational classes, otherwise 
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something was wrong with that setting and the appropriate course of action would be to 
attempt to rectify this situation. 
In terms of academic achievement, studies by US Department of Education (1993, 
2005) and AAUW (l998) concluded that, in the United States, there is not enough 
evidence to relate single-sex classrooms to higher achievement for girls or reduced 
stereotyping of women’s roles. Three influential reports, “Failing at Fairness: How our 
school cheat girls” (Sadker & Sadker, 1994), “How Schools Shortchange Girls” (AAUW, 
1992); and “Separated by Sex: A critical look at single-sex education for girls” (AAUW, 
1998), have drawn a lot of attention from the press as well as the scientific community. 
All three seemed to promote the need for reforming coeducational schools such that both 
genders have equal opportunities to learn and gender bias is eliminated from classrooms. 
Other critics of single-sex education argue that without the presence of the 
opposite sex, students are confined to an artificial environment, which is not 
representative to real life. Consequently, these students cannot develop skills for normal 
interaction with peers of both genders, but in turn, can grow with prejudice and 
misconceptions about the other gender (Bracey, 2006). 
2.2.3.3. The Neutral Ground 
A neutral set of beliefs about single-sex schools is held by scholars who expressed 
support for single-sex schools conditional on “certain conditions or certain 
constituencies” (Bracey, 2006, p. 6). Among this group, Dr. Cornelius Riordan of 
Providence College has written extensively on the comparison between single-sex and 
coeducational schools. Riordan found that single-sex classrooms seem more effective 
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only for at-risk students from lower socioeconomic backgrounds, especially students of 
color, but for both sexes (2002). In a study of Catholic schools conducted in 1998, single-
sex education seemed less effective for girls than in earlier studies. Riordan attributes this 
result to the fact that, during the two decades from 1972 to 1992, all-girls Catholic 
schools increased enrollment of students with higher socioeconomic status. 
Consequently, it is possible that family wealth may have been confounded with the effect 
of single-sex schooling. Therefore, Riordan contends that the impact of socioeconomic 
status and the type of curriculum in a school are greater in comparison to the impact of 
single-sex schooling (1998).  
Riordan (2002) considers that the most important reason why single-sex schools 
appear more successful than coeducational schools is the proacademic choice of students 
in the category:   
This choice [i.e., the proacademic choice] 
sets into motion a set of relationships among 
teachers, parents, and students that emphasize 
academics and deemphasize youth culture values, 
which as I have suggested, dominate coeducation 
schools…The choice is not at all about sex and 
romance nor is it about exclusion. It is about the 
rejection of anti-academic values that predominates 
in our culture and schools (p. 21). 
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Riordan points out that only a single-sex school can make a difference because 
just having a single-sex class within a coeducational school environment cannot 
overcome what he thinks it is an anti-academic culture. Moreover, Riordan believes that 
the anti-academic culture is less prevalent in schools with higher socioeconomic status. It 
is interesting to note that Riordan acknowledges a limitation of his studies: his 
conclusions are drawn from research in private, mostly Catholic, schools. This is not 
surprising, since his studies were conducted during a period of time when single-sex 
education was not allowed in public school in US. 
Finally, Riordan’s results seem to support the idea that single-sex classes might be 
effective for specific outcomes, such as to encourage more girls to enroll in science and 
mathematics classes. Riordan (2002) wraps-up his arguments in the following summary 
statement:  
Single-sex schools are places where students 
go to learn; not to play, not to hassle teachers and 
other students, and not primarily to meet their 
friends and have fun. Aside from affluent middle-
class communities and private alternative schools, 
coeducational schools are not all about academics 
(p. 19).   
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2.2.4. Studies Involved in the Single-sex Education versus Coeducation Debate 
In the following section, single-sex education literature will be examined in terms 
of both types of student outcomes, i.e., science achievement, as well as sociological and 
emotional outcomes. In addition to direct measures of attitudes toward science, course 
participation, course attitudes, or course enrollment have also been examined.  
In a widely cited study, Lee and Bryk (1986) used the High School and Beyond 
dataset to compare science achievement scores of girls in single-sex high schools with 
coeducational schools. They found no significant differences for girls in sophomores and 
senior years, but single-sex schools had significantly better gain scores between 
sophomore and senior years. All effects were calculated including adjustments for 
personal and family backgrounds, religious characteristics, academic background and 
orientation, school social context, and academic curricular track. When boys in single-sex 
schools were compared with boys in coeducational schools, there were no differences in 
sophomore scores, senior scores and gain scores. 
Lee (1998), one of the contributing authors of the AAUW’s report, also used the 
High-School-and-Beyond data to compare Catholic schools with public schools and 
single-sex Catholic schools with coeducational Catholic schools. She and her colleagues 
“found no consistent pattern of effects for attending either single-sex or coeducational 
independent schools for either boys or girls in independent schools” (p. 43) (emphasis in 
original). Based on her studies, Lee (1998) also identifies the characteristics of a good 
school as one that has high achievement outcomes and a low correlation of those 
outcomes with socio-economic status, or “high average achievement and a small gender 
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gap” (pp. 47-48). However, one can argue that Lee’s definition portrays the desired 
characteristic of any good or equitable school, and, should not be applied only to single-
sex schools.  
Since Catholic schools were the only form of single-sex education at the time, 
data from a longitudinal study published in 1988 was reanalyzed by LePore and Warren 
(1997), to compare single-sex Catholic versus coeducational public high schools. At the 
eighth-grade, they found significant differences in science achievement for males from 
single-sex schools, but not for females. In the tenth-grade, science achievement of single-
sex males differed significantly from that of coeducational males but, again, there were 
no significant differences for females. In the twelve- grade, there were no significant 
differences between the science achievement of students at single-sex and coeducational 
schools for either sex. The authors concluded that the higher academic achievement 
attributed to secondary Catholic schools was the result of pre-enrollment academic 
differences between students in single-sex and coeducational schools and could not be 
attributed to the environment of single—sex schools. The issue of pre-enrollment 
differences will be discussed later in the present chapter, as well as in the methodology 
chapter. 
In his book “Girls and boys in school: Together or separate?” Riordan (1990) 
presents a study of single-sex versus coeducational Catholic high schools. After 
controlling for initial ability and home background, he found that science achievement of 
white females in single-sex schools was statistically significant higher than white females 
in coeducational schools. When he focused on at-risk students only and after controlling 
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for only initial ability, race, and home background, senior-year girls in single-sex schools 
outperformed those in coeducational settings. 
Other studies employing data collected from Catholic schools include Proach 
(2000), who compared tenth grade females from single-sex and coeducational Catholic 
schools from Philadelphia Archdiocese and found statistically significant differences in 
biology scores on a standardized examination. However, after accounting for pretest 
score differences between the two types of schools, the difference was not significant. It 
is important to note that this study used a small sample size of only 48 students from one 
single-sex school and two coeducational schools and, hence, any conclusions from it are 
very limited. Also, in her doctoral study, Cipriani-Sklar (1996) measured two types of 
anxieties in the context of science courses offered in the single-sex Catholic schools 
versus coeducational public schools. After examining ninth-grade girls from the two type 
of schools, she found no significant differences in science state anxiety but a significant 
difference in science trait anxiety, such that females in single-sex schools have higher 
science trait anxiety than their counterparts in coeducational settings. 
Other countries had a continuous tradition of offering single-sex education in 
public schools. Consequently, researchers in these countries had more opportunities to 
carry out research studies that were not restricted to parochial schools only.  
One example of such a country is New Zealand, which is selected for comparison 
in this dissertation. Harker and Nash (1997) compared 5,000 eighth grade students from 
57 New Zealand’s single-sex and coeducational secondary schools and found significant 
differences for females on science scores, with girls in single-sex schools outperforming 
  38
those in coeducational schools. However, when adequate statistical control was used for 
different levels of student socio-economic status, student initial ability, and ethnicity, this 
significant difference disappeared. This study, though, did not control for variables such 
as self-concept, or drop out rates, and also performed the analysis for females only. In a 
later study, Harker (2000) compared high school students in single-sex versus 
coeducational schools (public and Catholic schools) in New Zealand and found 
significant differences in science achievement for students. Specifically, single-sex 
students scored higher on science achievement tests than coeducational students. 
However, when adjustments were made for prior achievement, SES, and ethnic 
differences, the achievement differences were no longer significant. 
A study from the Cambridge University released results of a four-year study of 
gender differences in education involving 50 schools from England (Younger & 
Warrington, 2005). They found that boys in single-sex classrooms boosted their 
performance particularly in English and foreign languages, while girls improved their 
performance in math and science. These interesting results naturally raise the question of 
a possible sex – subject matter interaction effect.  
Earlier, in July 2002, another large study was published by England’s National 
Foundation for Educational Research that involved 369,341 pupils from 2,954 high 
schools (Spielhofer, Benton, & Schagen, 2004). This study took advantage of the fact that 
in the United Kingdom, single-sex education is still available in public schools. After 
controlling for students' prior academic achievement and other background 
characteristics, students in single-sex schools outperformed those in coeducational 
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schools. Girls from single-sex schools did better than their coeducational counterparts, at 
all levels of academic abilities, whereas the effect was significant only the lower-
achieving boys. After examining the course choices of students, authors concluded that 
girls at single-sex schools were more likely to take non-traditional courses − courses 
which run against gender stereotypes − such as advanced math and physics.  
In a study of more than 2,300 third-year high school students from 13 schools in 
England, Stables (1990), compared single-sex versus coeducational schools. The author 
found that between the two type of schools, boys in single-sex schools had significant 
differences in attitudes toward biology, physics, and school in general, but no differences 
for chemistry or when asked about science in general. Stables found that girls in single-
sex schools had significant differences in attitudes toward science in general, biology, 
physics, chemistry, and school in general compared to girls in coeducational schools. The 
author suggested that single-sex education seemed to reduce gender differences in 
preferences for different school subjects, especially physics, whereas in coeducational 
schools gender differences remained large. 
Daly (1995) studied public, private, and Catholic elementary and high schools by 
school type: single-sex and coeducational, in Northern Ireland and Wales. The author 
found no differences in science course achievement for students but did find a 
statistically significant difference in science course participation in favor of coeducational 
schools. However, when the results were reported by gender, girls in single-sex schools 
participated in fewer science courses than did their coeducational counterpart, but no 
  40
difference was found between boys in single-sex schools and those in coeducational 
settings. 
Researchers from the Australian Council for Educational Research, studied 
270,000 final-year students in 53 subjects over a 6-year period, from 1994 to1999, in a 
longitudinal-study called the Victorian Certificate of Education VCE Data Project 
(Cresswell, Rowe & Withers, 2002). Their findings indicated that, after adjusting for 
prior achievement and school sector (i.e., government, Catholic and independent), 
students in single-sex schools outperformed those in coeducational school. They also 
reported that students in single-sex schools had fewer discipline problems and had better 
attitudes toward learning and the curriculum (Cresswell, Rowe & Withers, 2002). Also 
from Australia, Daly, Ainley and Robinson (1996) examined the effect of single-sex 
versus coeducational education on participation of high school seniors in science courses. 
After controlling for family background, they found that students attending single-sex 
schools had no significant difference in participation in a physics or biology curriculum 
than those attending coeducational schools. In another Australian study, Ainley and Daly 
(2002) found that for girls at single-sex high schools, attendance increased the likelihood 
of participation in physical science courses. However, the relationship became 
insignificant at the 0.05 level after controlling for gender, language, SES, earlier school 
achievement, metropolitan location, and independent versus Catholic school, but a large 
amount of variance in participation remained after these factors were accounted for. 
In a study carried out in Jamaica, where public single-sex schools were still 
widely available at the time of the study, Hamilton (1985) found that students attending 
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single-sex schools outperformed students in coeducational schools in almost every 
subject tested. She concluded that girls in single-sex schools have the highest 
achievement, followed by boys in single-sex schools, boys in coeducational schools and 
girls in coeducational schools. 
In conclusion, the results are mixed in deciding whether single-sex or 
coeducational schools are better settings for increasing student achievement in science. 
However, there seemed to be more evidence that single-sex schooling foster better 
student attitudes toward science, and the effect seemed stronger for girls. 
Another finding of the single-sex literature review is that, although a pool of good 
quantitative studies already exists, there is a clear need for more research to compare the 
apparent contribution of single-sex and coeducational schooling to science achievement 
and to socio-emotional characteristics, such as attitudes toward science. 
2.3. Factors Related to Science Achievement and Attitudes toward Science 
This section provides an overview of the most important student and school 
variables related to the two student outcomes involved in this study, i.e., science 
achievement and attitudes toward science. It also discusses the different opinions found 
in the literature with respect to the relationship between the two outcomes.  
2.3.1. Factors Related to Science Achievement  
Since the literature on student achievement is very vast, this section will only 
summarize the most frequently reported factors.  
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Studies in science education looking at methods to improve students’ achievement 
and increase their attitudes towards science have recently focused on the socio-
educational environment that provides students with opportunities to learn. Starting with 
the influential Coleman Report (Coleman et al., 1966), socio-economic level of families 
has often been identified as one of the strongest predictors of academic achievement.  
Students with more educated parents, from more affluent and smaller families, and with 
more resources at home attain higher achievement levels than their peers from more 
disadvantaged homes (Astone & McLanahan, 1991; Beaton & O’Dwyer 2002; Bryk & 
Thum 1989; Rumberger, 1995; Ekstrom, Goertz, Pollack, & Rock, 1986). 
At the country-level, in a widely cited article, Heyneman and Loxley (1983) 
reported an analysis of data from 29 countries indicating that student social status was 
comparatively less important for predicting educational achievement in developing 
nations than in developed nations. The greater the level of economic development of a 
country, as measured by its Gross National Product (GNP), the larger the magnitude of 
the regression coefficient relating student social status to academic achievement. 
Before one tries to understand association between socio-economic status and 
science achievement at the country level, the exploration should start within countries, at 
the school level. Studies of what is known in the literature as “school effects” show that 
the link between student social status and an educational outcome has two components: a 
student-level component and a contextual component (Raudenbush, Cheong, & Fotiu, 
1995; Raudenbush & Bryk 1986). The student-level component indicates “the extent to 
which students attending the same school but varying in social status vary on the outcome 
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of interest” (Raudenbush et al., 1995, p. 248). The contextual component indicates “the 
extent to which attendance at schools having varied social status compositions has 
consequences for students who are similar in personal social status” (Raudenbush et al., 
1995, p. 248).  
After partitioning the variance in 8th -grade students’ achievement in mathematics 
from TIMSS 1995 countries into an among-school component, between-classroom 
within-school component, and a within-classroom component, Beaton and O’Dwyer 
(2002) explored the relationship between variance components and student 
socio-economic status.  Their results indicate that socio-economic status was not a strong 
predictor of the achievement differences within classes; in fact, this variable only 
accounted for marginal amounts of outcome variance (less than 6 percent in the United 
States, for example).  The authors concluded that, in the US only, “once the students are 
assigned to a classroom, having highly educated parents at home or having a computer in 
the home has little further to do with mathematical accomplishment” (p.  229). The weak 
effect within classes may be interpreted as the consequence of the homogeneous social 
background of classmates. 
Thus, the cross-country association between social status and educational 
achievement, as reported by Heyneman and Loxley (1983), reflects a blend of two 
effects. Those who study school effects seek to measure variables related to both student 
composition and school process, in an attempt to assess the relative contributions of each 
component and to isolate those contributors to achievement that reformers can modify 
(Raudenbush et al., 1995).  
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However, since student composition and school process are inevitably correlated, 
the literature suggests that causal inference in such studies be drawn with caution. For 
example, school means that are not adjusted for student composition may convey an 
overly negative picture of school process in those schools with the most disadvantaged 
students. However, incorporating adjustments for composition can lead to underestimates 
of the effectiveness of schools having favorable student composition (Raudenbush & 
Willms, 1995). These considerations are complicated by the selection bias that results 
from the difficulty in separating the effect of family socio-economic status from the 
effect of school-type (Salomone, 2003).  
On the other hand, Sadker and Zittleman (2004) argued that a school’s success 
can be attributed, among others, to better use of school resources. As a measure of school 
wealth, TIMSS reported the Index of Availability of School Resources for Science 
Instruction (ASRSI) and compared the trends in the values at each country-level, from 
1995 to 2003. According to these results, it appears that, in 2003, students in Hong Kong 
and in New Zealand were enrolled in schools that did not seriously lack resources for 
their science education compared to the international average (Martin et al, 2004b, p. 
332). 
Another factor related to student achievement is classroom climate. In an 
exploratory analysis of the amount of learning that takes place among 8th grade Romanian 
students in chemistry as measured by TIMSS 2003, Diaconu (2005) found that being in 
classes where discipline was reinforced had a statistically significant effect on students 
performing at a high benchmark on the science scale. Also, recreation and physical 
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release of energy for young students has been shown to be enormously beneficial to the 
focus of the individual student and for maintaining a general classroom atmosphere that 
is conducive to learning (Smith, 2004).  
The literature also shows that factors related to teachers, such as teacher 
preparation and professional development, contribute to student achievement in general. 
Supowitz & Turner (2000) suggests that effective professional development is capable of 
producing change in teaching practices, which in turn translates into higher levels of 
student achievement. These researchers also acknowledge the influence of school 
environment variables and state and district policies as powerful mediators in this 
sequence. On the other hand, in a study by Wallace (2009), teacher professional 
development showed a small but significant effect on K-12 student achievement when 
mediated by teacher practices. 
Effective instructional strategies for teaching science have also been reported to 
influence students’ achievement in science. Numerous studies over the years have 
supported the success of inquiry teaching methods based on the constructivist and 
student-centered theory in improving student learning (Haury, 1993). According to 
Southerland, Smith, Sowell, and Kittleson (2007), the constructivist science classroom is 
richer when groups work together to make sense of phenomena and incorporate 
individual ideas into group understandings. For example, the 5E teaching model 
developed by Bybee (1997), in which the instructional process began with engagement, 
moved to exploration, followed by explanation, elaboration, and evaluation, was used in a 
professional development intervention that was linked to increased science achievement 
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for 3rd-5th grade students (Dominey, Diaconu & Radigan, 2009; Diaconu, D., 
Suskavcevic, M., & Dominey, W., 2010).  
Also, since technology is a constant presence in the daily life of elementary and 
middle-school students, another line of research is concerned with the potential 
educational benefits of students’ engagement with technology-based instructional tools. 
For example, Alexander, Eaton and Egan (2010) identify three new research directions: 
“first, seeing games as teaching desirable learning skills through the simple act of 
playing; second, a focus on the integration of curriculum content into games; and, third, 
an effort to abstract learning principles embedded in electronic games and applying these 
to educational content’ (p. 1831). These authors seem to favor the second approach, i.e., 
using electronic games to teach content. In their opinion, this is just another example of 
the educator’s traditional attempts to stimulate interest in difficult subjects – such as 
science – by “sugarcoating” them with something more appealing to the students. 
Learning about chemistry with familiar kitchen tools, singing songs, etc. are just a few 
examples. However, Songer (2007, and references therein) concluded that there is not 
enough evidence to demonstrate that technology has been integrated in today’s classroom 
activities into a way that stimulates student learning. 
2.3.2. Factors Related to Attitudes toward Science  
Before enumerating the factors that have been shown to influence students’ 
attitudes toward science, it is important to discuss the several definitions proposed in the 
literature for this complex construct.  
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One point of view is offered by US Department of Education (2005), who has 
defined attitudes toward school as: “any cognition by a student about school in general, 
regardless of whether it is accompanied by a behavioral manifestation” (p. 58).  
According to Cipriani-Sklar (1996), attitudes toward school can include positive 
emotions, such as “study commitment” or “sense of belonging”, but also negative 
emotions, such as “fear of subjects.” This author measured two types of anxieties in the 
context of science courses offered in the single-sex Catholic schools versus coeducational 
public schools; namely, state anxiety, which was defined as “temporal cross-section in 
the emotional stream of life of a person” (p. 19), and trait anxiety, defined “in terms of 
relatively stable individual differences in anxiety proneness” (p. 19). Gardner (1975) 
distinguished between the affective attitudes towards science and scientific attitudes. 
Osborne, Simon and Collins (2003) defined ‘attitudes towards science’ as “the feelings, 
beliefs and values held about an object that may be the enterprise of science, school 
science, the impact of science on society or scientists themselves” while ‘scientific 
attitudes’ represent a complex mixture of features that “characterize scientific thinking 
and are cognitive in nature” (p. 1053). Furthermore, based on the theory of reasoned 
action developed in 1980 by Ajzen and Fishbein, Osborne et al. (2003) makes the 
distinction between attitudes towards science and attitudes towards doing school science. 
In the first case, science stands for the object, while the latter represents “attitudes 
towards some specific action to be performed towards that ‘object’” (p. 1054). On the 
other hand, these researchers pointed out that there is a significant difference between 
students’ attitudes towards school science, which is associated with schools, science 
  48
laboratories and science teachers; and societal science perceived in terms of medical and 
technological developments, etc. 
The review of the literature identified a number of factors influencing attitudes 
towards science in general, including gender, peer influence and classroom variables.   
Student gender has been constantly related to attitudes toward science (Gardner, 
1975; Weinburgh, 1995; Osborne et al., 2003). For example, Weinburgh (1995) reviewed 
the literature between 1970 and 1991and found extensive evidence that boys have a 
consistently more positive attitude to school science than girls, although this effect is 
stronger in physics than in biology. The decrease in attitudes and science career choices 
is more pronounced for girls than boys (Andre et al., 1999 and references therein; Kahle 
& Meece, 1994). In general, boys endorse science as important more often than do girls 
(Andre et al., 1999). When asked about separate science subjects, boys prefer physical 
sciences more often than girls, while girls favor life sciences (Andre et al., 1999; Harvey, 
1984; Kahle & Meece, 1994). In contrast to science, international comparison studies 
suggest that gender differences in reading show the opposite trend, with 45% of girls 
favoring reading, as opposed to only 25% of boys (OECD, 2010).  
The literature provides evidence that the attitude of peers and friends is a 
significant influence on students’ attitude towards school science (Myers & Fouts, 1992; 
Osborne et al., 2003). Myers and Fouts (1992) showed that positive attitudes were 
associated with a high level of involvement, very high level of personal support, strong 
positive relationships with classmates, and the use of a variety of teaching strategies and 
unusual learning activities. Other research strand has demonstrated that students’ positive 
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attitudes toward STEM professions were influenced by their self-efficacy for a particular 
subject (Degenhart, Wingenbach, Dooley, & Lindner, 2007). If students felt that they 
were particularly good at a subject, they were more positively motivated toward careers 
related to that field. One recommendation from that strand of research is for teachers to 
use authentic instructional activities that support student success in STEM subjects, such 
as inquiry teaching and cooperative learning, in order to increase student self-efficacy 
and consequently, interest in STEM careers (Degenhart et al., 2007).  
2.3.3. The Relationship between Science Achievement and Attitudes toward Science 
The National Research Council (1996) underscored the importance of monitoring 
and improving students’ attitudes toward science, as these attitudes represent an indicator 
of the state of science education in the nation. The relationship between students’ 
achievement and attitudes toward science has been debated in the literature and, also, is 
an important topic in this dissertation.   
Despite the common sense belief that attitudes and performance are positively 
correlated, there is no general with respect to science achievement and attitudes. A 
comprehensive review of the literature conducted in the late 1970s established a causal 
between science achievement and attitudes toward science (Peterson & Carlson, 1979). 
Also, several other studies also pointed out that positive attitudes toward science and 
interest in science are generally highly correlated with high achievement in science, 
enrollment in advanced science classes and pursuing scientific careers (Andre, Whigham, 
Hendrickson, & Chambers, 1999 and references therein; Kahle & Meece, 1994; Simpson 
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& Oliver, 1990). However, later studies suggested only a moderate correlation between 
achievement and attitudes (Willson, 1983; Shrigley, 1990; Weinburgh, 1995; Beaton et 
al. 1996). According to Fishbein’s and Ajzen’s theory described in Andre et al. (1999), 
the relative rather than the absolute level of attitude toward science is directly related to 
achievement. Osborne et al. (2003) warns about the difficulty of establishing the causal 
link between attitudes and achievement and whether attitude precedes behavior or vice 
versa. Despite the obvious complexities involved in the interaction between the two 
constructs, these authors conclude that “feelings of enjoyment and interest in science 
combined with success in junior science courses are likely to lead to a positive 
commitment toward science that is enduring” (p. 1072). 
2.4. Difficulties in Conducting Research on Single-Sex Education 
This section first introduces the methodological issues specific to doing research 
on single-sex education. Next, methodological problems specific to data gathered from 
surveys of clustered structures, such as schools, school districts, or even countries, are 
provided. The third subsection discusses the difficulties encountered by researchers 
trying to make causal inferences from observational studies.  This will lead to the stance 
that it would be more defensible to develop appropriate methods to assess the sensitivity 
of tentative causal conclusions to a potential unmeasured variable, which may be the 
source of bias.  
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2.4.1.  Methodological Issues Specific to Research on Single-Sex Education 
Bracey (2006) provides an interesting discussion on the difficulties encountered 
by investigators who plan to conduct scientific research on single-sex schools in United 
States. The foremost limitation of these studies stems from the fact that, until the new 
regulations came out, single-sex schools were schools of choice and, hence, students 
were not randomly assigned to treatment and control groups. Consequently, as discussed 
later in the chapter, causal interpretations on the effectiveness of single-sex education 
should be drawn only with extreme caution (Bracey, 2006). 
Moreover, Bracey (2006) warns that research studies conducted so far on single-
sex schools in the public sector in the U.S. could be affected by the Hawthorne or John 
Henry effects. “Hawthorne effect is the effect of novelty—people often behave 
differently at the beginning of an innovation or experiment than they do later on”, while 
the John Henry effects occur “when people in a group perceive that they are expected to 
do less well than people in another group and work harder to offset the expected deficit” 
(Bracey, 2006, p. 17). 
After taking into account the limitations, Bracey (2006) and other investigators 
suggested that conclusions about the effectiveness of single-sex education in US public 
schools could be drawn either from research comparing single- religious schools or from 
studies in the public sector from other countries. This dissertation has taken the latter 
approach, by exploring the patterns observed in single-sex education in three countries 
that have participated in three TIMSS international assessments, from 1995, 1999 and 
2003. 
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2.4.2. Methodological Issues in Analyzing Clustered Data 
Datasets collected from clusters organized in a hierarchical structure, such as 
those formed by students nested in classes, classes nested in schools, and schools nested 
in countries, are characterized by a grouping effect, measured by the intra-class 
correlation coefficient. One important aspect of such a hierarchical order is that students 
from the same class/school have more common characteristics than students randomly 
sampled from the entire student population. For example, they have been taught by the 
same science teacher, have accessed the same school resources, etc. 
In analyzing clustered data, conventional regression methods do not account for 
issues of: aggregation bias, dependence among the observations within groups, and 
heterogeneity of regression slopes. The specifics of these problems will be detailed in the 
methodology chapter. To overcome these problems, a multilevel modeling approach will 
be adopted in this study. Hierarchical linear models represent a class of techniques in 
which two or more linear regression equations are linked in a hierarchical order, that 
explicitly recognize the nesting structure of the datasets (Raudenbush & Bryk, 2002). In 
these multilevel regression models, covariates can be added at different levels in the 
regression equations, while standard errors of the means and regression coefficient can be 
estimated without bias. Consequently, the corresponding significance tests have the 
proper Type I error rate (Raudenbush & Bryk, 2002). 
A number of studies have employed hierarchical linear models to examine 
differences between types of schools using large-scale datasets similar to TIMSS. 
Recently, data from the 2003 National Assessment of Educational Progress (NAEP) was 
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used by Perie, Vanneman, and Goldstein (2005) to compare the reading and mathematics 
performance of fourth-, eighth-, and twelfth-grade students attending public and private 
schools. Lubienski and Lubienski (2006) also examined public versus private students’ 
performance on the 2003 NAEP mathematics performance in grades 4 and 8, while 
Braun, Jenkins and Grigg (2006a) included in their report the results from the 2003 
NAEP assessments in reading and mathematics for students in grades 4 and 8. A few 
studies used HLM to compare the achievement in both NAEP reading and mathematics 
of grade 4 students enrolled in charter schools to those enrolled in public non-charter 
schools (NCES, 2004; Braun, Jenkins & Grigg, 2006b).  
It is interesting to note that the NAEP studies discussed here disaggregated their 
results both by school type and by a single-student characteristic, such as race/ethnicity, 
gender, or student-reported parental highest level of education, in an attempt to find out 
whether the differences between types of schools can be accounted for by differences in 
the student population attending the various kinds of schools. However, the review of the 
literature on single-sex education identified studies where the results disaggregated only 
in terms of the type of school, i.e., achievement of student in single-sex schools compared 
to those in coeducational schools. On the other hand, the literature on gender differences 
in science identifies the achievement gap between genders disregard the type of school 
students are enrolled in.  
The contribution to the literature of this dissertation is the analysis of science 
performance in three TIMSS countries disaggregated by both type of school and gender, 
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so that girls in single-sex schools have been compared to girls in coeducational schools, 
and boys in single-sex schools have been compared to boys in coeducational schools. 
2.4.3. Difficulties in Drawing Causal Inferences from Observational Studies – 
Introducing Sensitivity Analysis 
The student data analyzed in this dissertation (test scores, background 
characteristics, etc.) was collected in a large-scale observational study of nationally 
representative samples, i.e., as part of the TIMSS 1995, 1999 and 2003 cycles, without 
random assignment to treatment and control conditions.  
Randomized controlled trials (RCTs) and quasi-experimental studies are terms 
often used in the educational research literature since the Education Sciences Reform Act 
of 2002 demanded “the transformation of education into an evidence-based field” 
(Schneider, Carnoy, Kilpatrick, Schmidt, & Shavelson, 2007, p. 5). Random assignment 
of participants to treatment and control groups provides RCTs with “the most powerful 
design for detecting treatment effects” (Schneider et al., 2007, p.11). The authors 
continue to explain that “the random assignment of participants to treatment conditions 
assures that treatment group assignment is independent of the pretreatment characteristics 
of group members; thus differences between groups can be attributed to treatment effects 
rather than to the pretreatment characteristics” (p.11). 
On the other hand, quasi-experiments represent a group of “comparative studies 
that carefully attempt to isolate the effect of an intervention through means other than 
randomization” (Schneider et al., 2007, p. 4). An example of such studies is the case of 
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large-scale observational studies of nationally representative samples, such as TIMSS, 
Progress in International Reading Literacy Study (PIRLS), or the National Education 
Longitudinal Study of 1988-2000 (NELS). When analyzed with proper statistical 
techniques, such datasets may be collected even from settings where RCT may be 
logistically, financially, and even ethically not possible. Schneider et al. (2007) point out 
to the numerous advantages of the large-sale observational studies, including their 
generalizability to specific populations, their usefulness in making plausible hypotheses 
about the causes of achievement gaps, etc.  
One fundamental problem that stems from the lack of random assignment to 
treatment conditions in observational studies is known as sample selection bias Schneider 
et al. (2007). Also known as the endogeneity problem in econometrics literature, or 
reversed causality in sociology and psychology literatures, selection bias is manifested by 
the fact that there may be relevant observed or unobserved variables that are correlated 
with both the outcome and predictor variables. According to Gustafsson (2006), the term 
selection bias describes a situation in which “groups of students who received different 
treatments were not comparable in terms of their level of performance (or other 
characteristics related to the outcome) before they received the treatment” (p. 6).  
Schneider et al. (2007) maintain that “[without random assignment] those who 
participate in a program may differ systematically from those who do not, which can bias 
the estimated treatment effect” (p. 40). Therefore, due to selection bias and the potential 
presence of unobserved variables, which may alter the estimated parameters of the 
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treatment effect, any causal inference drawn from observational studies – such as TIMSS 
studies and, hence, this dissertation, as well - may be weak.  
Kim and Frees (2006) warned about the importance of the omission of relevant 
predictor variables in a multilevel modeling framework because “the consequences of 
omitted variables will be more complex and more dangerous in the multilevel case, as the 
effects of omitted variables at one level can pervade all levels of the model” (p. 661). 
They explain how the omitted variable causes bias because it may introduce a correlation 
between the error term and the other measured predictor variables. Moreover, these 
authors maintain that all known causes of the above correlation, i.e., “(1) measurement 
errors in the explanatory variables; (2) self-selection (an exogenous choice influences 
both the dependent and explanatory variables); and (3) simultaneity (the dependent and 
explanatory variables are jointly determined)” (p. 661), are all examples of problems 
caused by omitted variables.  
Gustafsson (2006) explained that when the estimated relationship between an 
independent variable and a dependent variable is interpreted in causal terms, “it is 
assumed that there are no other independent variables which are correlated with the 
independent variable in focus, and which have not already been included in the model” 
(p. 7). Further, he asserted that the presence of such omitted variables will cause “bias in 
the estimated causal relationship in case that they are correlated with the residual of the 
outcome variable” (p. 7). Hence, the study can erroneously make causal inferences about 
variables others than the ones which are actually involved.  
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One option would be to measure and analyze all potentially relevant variables, 
but, obviously, this would be virtually impossible, no matter how strong the theory 
behind the selection process would be. Although some studies employ a rich set of 
student characteristics, it cannot be assumed that selection bias has been eliminated. 
Braun et al. (2006b) asserted that it would be impossible to determine how patterns of 
self-selection may affect the estimated student and school- effects, without more 
information about previous student characteristics, such as prior achievement. These 
authors explained that researchers “have attempted to address the problem of selection 
bias in observational studies by utilizing auxiliary information about both students and 
schools in order to generate so-called adjusted comparisons that (it is hoped) are less 
subject to selection bias” (p.1). Model specifications were tested to get a sense of the 
sensitivity of these estimated comparisons to various assumptions. 
While discussing the limitations of inferences made from data collected in large-
scale assessments in the context of examining within-country trends in achievement, 
Gustafsson (2006) proposed a different approach to solve the combined problems of 
selection bias and omitted variables. He points out that by relating within-country change 
over time in explanatory variables to within-country change in achievement, country 
characteristics are kept constant and consequently, they cannot be a source for omitted 
variables.  
Other attempts to solve the problem of weak causal inferences drawn from 
observational studies included statistical tools such as the instrumental variable strategies 
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(examples include Altonji, Elder & Taber, 2002; 2005) and propensity scores matching 
(for example Harding, 2003). 
Over time, the statistical technique known as sensitivity analysis emerged as a 
promising solution to this problem. Sensitivity analysis (SA) was defined by Saltelli 
(2006) as “the study of how the variation in the output of a model (numerical or 
otherwise) can be apportioned to different sources of uncertainty in the model input” (p. 
2). In the beginning, sensitivity analysis was created to assess the uncertainties in the 
independent variables and model parameters (i.e., standard error of the estimates). Later, 
SA evolved to incorporate model conceptual uncertainty, i.e., uncertainty in model 
structures, assumptions and specifications, and became closely linked to uncertainty 
analysis (Saltelli, 2006). 
In their seminal paper, Rosenbaum and Rubin (1983) maintained that, “despite 
their obvious limitations, observational studies are still a valuable source of information 
about causal effects” (p. 212). Using as an example data from clinical study on coronary 
artery disease, they proposed a sensitivity analysis to assess how robust the estimated 
effects are to deviations from the assumptions of a randomly equivalent groups design. 
Montgomery et al. (1986) employed the approach proposed by Rosenbaum and Rubin 
(1983) in longitudinal study of the links between breast-feeding practices and infant 
mortality using data from a large scale demographic survey conducted in Malaysia. These 
authors were concerned with the estimated effect of breast-feeding practices on infant 
survival rates may be biased because preliminary analyses revealed that children who 
were healthier at birth were more likely to be breast-fed by their mothers. On the other 
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hand, healthier newborns had higher survival rates anyway, hence the possibility of 
selection bias. Montgomery and his colleagues attempted to overcome this potential 
problem by using child weight at birth as a “proxy indicator” for the omitted variable 
which was responsible for the unmeasured selection bias. The results of their sensitivity 
analysis indicated that the relationship between breast-feeding practices in Malaysia and 
infant subsequent survival remained strong, even after accounting for selection bias. 
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3. METHODOLOGY 
This chapter is divided into five sections. The first section presents the four 
criteria for the selection of the countries that will be used in this project. Next, section 
two provides brief descriptions of the population and sampling design, while section 
three describes the instruments used as sources of data in this study. Since the datasets 
employed in this dissertation have been collected through the international large-scale 
assessment projects TIMSS 1995, 1999, and 2003, more detailed information about the 
population, sampling, and instruments are available in the corresponding TIMSS 
technical reports (Martin & Kelly, 1996; Martin, Gregory & Stemler, 2000; Martin, 
Mullis & Chrostowski, 2004). Section four of this chapter introduces the research 
questions and the methodology employed in this dissertation, including the formulation 
of the hypotheses being tested and the multilevel modeling statistical technique 
appropriate for clustered data. Section five outlines the proposed method for assessing the 
sensitivity of the estimated school-type effect to unmeasured election bias. 
3.1. Research Questions 
The purpose of this study was to: i) examine if students enrolled in single-sex 
schools in the two countries selected had significant differences in science achievement 
and attitudes toward science compared to students in coeducational schools; ii) 
understand if the potential benefit of single-sex education can be explained by pre-
existing differences in student and/or school characteristics rather than the gender 
composition of the school; and iii) examine the sensitivity of the estimated effect of 
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single-sex education on student outcomes to the presence of selection bias and 
unmeasured variables.  
The following research questions were addressed for the two countries selected in 
this study, i.e., for New Zealand and Hong Kong: 
1. For these two countries, were there any differences in science performance and 
attitudes toward science between students in single-sex schools and students of 
the same sex educated in coeducational schools in TIMSS 1995, 1999 and 2003 
administrations? 
2. If any differences were observed, to what extent can these differences be 
accounted for by student characteristics? 
3. If any differences were observed, to what extent can these differences be 
accounted for not only by student characteristics but also by school characteristics 
(other than school-type)? 
4. What student and school characteristics (other than school-type) can account for 
any observed differences? 
5. How robust were the estimated student effects to the presence of unobserved 
selection bias? 
As discussed in Chapter 2, previous studies provide moderately strong evidence to 
support the hypothesis that a single-sex environment contributes to more positive student 
attitudes towards science, and this evidence is stronger in the case of girls. However, 
results are mixed in determining whether single-sex or coeducation schools have a greater 
contribution to student performance in science. Nevertheless, the literature is clear that 
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attitude towards science is related to science achievement, although the nature of the 
causal link between these two constructs is yet to be established (Osborne et al., 2003). 
Consequently, two parallel analyses will be used to investigate the impact of single-sex 
schooling on both student achievement and attitudes towards science. During the entire 
study, particular attention was paid to investigate whether any observed differences 
between the two types of schooling were consistent over the three TIMSS administrations 
included in the study.  
Before going any further, it is important to note that, in this study, separate 
analyses were conducted for boys and for girls; also, for each gender, separate models 
were fitted for each student outcome (i.e., science achievement and attitudes toward 
science).  
3.2. Selection Criteria for the Two Jurisdictions 
The following criteria were used in selecting from all TIMSS participating 
countries the ones that will be analyzed in the present study: 
− countries that participated in all three TIMSS cycles included in this study, i.e., 
TIMSS 1995, 1999, and 2003; 
− countries that offered single-sex and coeducational education in 8th grade; 
− countries where single-sex education is not reserved only to private schools, but it is 
also offered in public schools; 
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− countries where the education of  boys and girls is not treated differently because of 
religious beliefs; 
− countries that have sufficient variability between schools (as indicated by their intra-
class correlation coefficient3) so that differences in science achievement between 
schools can be associated not only with differences in student background 
characteristics but also with differences in contextual variables at the school level. 
Of the countries that participated in TIMSS, three met the first three selection 
criteria for this study, namely Hong Kong, SAR4, Korea5 and New Zealand. For these 
three jurisdictions, O’Dywer (2005) reports the percent of variance between class/schools 
in 8th grade mathematics achievement in TIMSS 1995 and 1999, as follows:  
− Hong Kong: 60% (1995) and 57% (1999);  
− Korea: 9% (1995) and 7% (1999);  
− New Zealand: 50% (1995) and 54% (1999).  
Since the focus of this study was to examine differences in student achievement 
between school-types and the percent of variance in student achievement that can be 
attributed to variability between class/schools in Korea seemed small in comparison with 
the other two jurisdictions, Korea was eliminated from this study.  
                                                 
3 Intra-class correlation coefficient will be defined and discussed later in the chapter. 
4 In order to avoid wordiness, for the rest of the study the SAR notation will be dropped and the jurisdiction 
will be called Hong Kong. 
5 The Korean peninsula is split between North and South Korea.  Here, Korea refers to South Korea. 
  64
3.3. Population and Sampling Design 
This study includes a secondary analysis of the TIMSS datasets from Hong Kong 
and New Zealand gathered during the 1995, 1999 and 2003 administrations at the 8th-
grade. The rationale for using 8th -grade only is two-fold: first, gender differences are 
much less pronounced at the 4th -grade, and second, TIMSS 1999 administered the survey 
at 8th -grade only. 
In IEA’s terminology, the target population for all countries is known as the 
“international desired population,” while the “national defined population” was in fact 
used by each country for sampling purposes (Foy & Joncas, 2000, pp. 30-31). In cross-
country comparison studies, the target population can be defined in relation to the age of 
students or to the grade they attend. Foy, Rust and Schleicher (1996) explain that “an 
age-based definition focuses on a specific age cohort” (p. 4-3) while the “grade-based 
definition focuses on a specific grade” (p. 4-3). However, the complexities of the 
education systems in all the countries participating in the assessment made it too difficult 
to find a comparable grade, so the age-based definition was adopted. 
In 1995, the international desired target population was defined as follows: “All 
students enrolled in the two adjacent grades that contain the largest proportion of 13-
year-old students at the time of testing” (Foy et al., 1996, p. 4-1). 
The international desired target population had the same definition in TIMSS 
1999 and 2003 as follows: “All students enrolled in the upper of the two adjacent grades 
that contain the largest proportion of 13-year-olds at the time of testing” (Foy & Joncas, 
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2000, p. 30, Foy & Joncas, 2004, p.110). This grade level was intended to represent eight 
years of schooling, counting from the first year of primary or elementary schooling, and 
was the 8th grade in most countries. The upper grades of the TIMSS 1995 population 
definitions were intended to correspond to TIMSS 1999 and 2003 8th-grade target 
populations (Foy et al., 1996, Foy & Joncas, 2000, Foy & Joncas, 2004). With this 
design, TIMSS allowed countries participating in 1995, 1999, and 2003 to gather trend 
data. 
Some schools and students within schools were excluded from the national 
defined populations. Criteria for exclusion included: schools in geographically remote 
regions, extremely small schools, schools for students with special needs, and disabled 
students in regular schools (Foy et al., p. 4-5, Foy & Joncas, 2000, p. 31, Foy & Joncas, 
2004, p.110). In all three assessments, countries made efforts to keep the percentage of 
excluded schools at a very low level. 
The sampling design used in TIMSS was described in the technical 
documentation provided by the TIMSS and PIRLS International Study Center (ISC) for 
each TIMSS cycle (Foy et al., 1996, Foy & Joncas, 2000, Foy & Joncas, 2004). In each 
country, TIMSS uses a “two-stage stratified cluster” (p. 113) sampling procedure. In the 
first stage, schools were selected from the list of all schools with 8th-grade students using 
“probability proportional to size sampling (PPS) techniques” (p.118). In the second stage, 
one intact mathematics classroom was randomly selected per each selected school. These 
sampling procedures were used in all three TIMSS administrations. 
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Foy and Joncas (2004) explain why TIMSS sampling design samples intact 
mathematics classrooms, instead of both mathematics and science classrooms: 
At 8th grade, however, classrooms are 
usually organized by subject - mathematics, 
language, science, etc. - and it is more difficult to 
arrange classroom sampling. TIMSS has addressed 
this issue by choosing the mathematics class as the 
sampling unit, mainly because classes often are 
organized on the basis of mathematics instruction 
and because mathematics is a central focus of the 
study. (p. 114) 
The quote alludes to the fact that, in some countries, science is offered as separate 
subjects, i.e., biology, chemistry, etc. while in others as a general or integrated topic. 
Hence, sampling of science classes would have been a lot more complicated, and 
selection of mathematics classes was preferred. 
The education system of any country is usually structured in a hierarchical order, 
such that students are nested in classes, classes are nested in schools, and schools nested 
in countries. In the TIMSS sampling design described above, in majority of countries 
there was only one classroom sampled from each school, therefore the class and school 
levels can be considered as one. One important aspect of such a hierarchical structure is 
that students from the same class/school have more characteristics in common than 
  67
students randomly sampled from the whole population of eight-graders in a country. For 
example, they have been taught by the same science teacher, have accessed the same 
school resources, etc. This grouping effect or within-class similarity is measured by the 
intra-class correlation coefficient, and has important consequences for the collection and 
analysis of data from clustered samples.  
Determining what is the grouping variable in the analysis of students’ science 
achievement using TIMSS data is a complex question that may be answered on a 
country-by-country basis. According to TIMSS international reports (Martin & Kelly, 
1996; Martin, Gregory & Stemler, 2000; Martin, Mullis & Chrostowski, 2004), both 
countries used as jurisdictions in this study offer an integrated science curriculum at 8th 
grade. This means that in these two countries, all sciences are taught as one subject - just 
like mathematics- as opposed to the case of countries that offer the science curriculum as 
separate subjects (i.e., physics, chemistry, biology etc.). It is very likely that in countries 
with integrated science curriculum there is one science teacher for each class and, 
therefore, all students from an intact mathematics classroom were taught by the same 
science teacher. Hence, due to the specificity in science curriculum in these two 
countries, it is safe to assume that an intact mathematics classroom per school is 
equivalent to one intact science classroom per school and the thus the classroom and 
school levels are the same. In the exploratory analysis conducted at the beginning of the 
study, the assumption of one science teacher linked to an entire classroom has been 
verified for New Zealand and Hong Kong in all three TIMSS cycles. 
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The experts that developed TIMSS sample design have taken into account intra-
class correlation coefficient in designing the sampling frame for each country. The value 
of the coefficient for each country “was estimated from previous cycles of IEA’s TIMSS, 
PIRLS, or from national assessments, and in the absence of these sources, an intra-class 
correlation of 0.3 was assumed” (Foy & Joncas, 2004, p. 115).  
The intra-class correlation coefficient is inversely related to the concept of 
effective sample size. TIMSS technical reports document that an effective sample size of 
400 students has been the basis for their sampling precision, such that “all student 
samples should yield sampling errors that are no greater than would be obtained from a 
simple random sample of 400 students” (Foy & Joncas, 2004, p. 114). 
3.4. Data Sources 
This study will use TIMSS datasets from 1995, 1999, and 2003 for two countries 
to explore whether there are any patterns in differential science performance between 
students educated in single-sex schools and those in coeducation schools. TIMSS was 
designed to measure and improve mathematics and science achievement by collecting, 
analyzing and reporting comparative data in 40 to 50 countries around the world on a 
regular four-year cycle since 1995. Assessments have been conducted in 1995, 1999, 
2003, and 2007. As mentioned before, an important characteristic of the TIMSS project is 
that, along with administering achievement tests to monitor mathematics and science 
performance of students in fourth and 8th grades, it also collects extensive data about the 
school and home contexts for learning the curricula in these two subjects.   
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The mathematics and science achievement test was designed “on two main 
organizing dimensions or aspects, a content domain and a cognitive domain” (Martin et 
al., 2004, p.356).  For example, the science portion of the TIMSS 2003 survey consisted 
of a total of 199 items. Multiple-choice problems made up 52 percent of the items and 
were each worth one raw score point. Forty-eight percent of the problems were in a 
constructed-response format, requiring the students to write their answers and provide 
explanations. Constructed-response items were each worth two raw score points for a 
complete correct answer or one point for partial correct answer. The items were assigned 
to sets of 14 item blocks (similarly, there were 14 blocks for mathematic items), which 
were then distributed across twelve student test booklets according to a balanced design, 
with each booklet consisting of six blocks of items. Each student took one booklet that 
contained mathematics and science items, this way ensuring that the same students 
participated in both mathematics and science testing. This matrix sampling design 
maximized the content and skills that could be evaluated by the assessment in the time 
available, without overburdening the test takers.  A detailed description of the design of 
the achievement tests is available in TIMSS technical report (Martin et al., 2004a), as 
well as international science report (Martin et al., 2004).  
TIMSS 2003 international reports (Martin et al., 2004) provide values for the 
Cronbach’s alpha reliability coefficients for each country, “as the median Cronbach's 
alpha across the 12 test booklets” (p. 386). According to this measure, the TIMSS test 
was in general highly reliable for both jurisdictions; for example, in 2003, the following 
reliability coefficients were reported for the two jurisdictions: Hong Kong – 0.83 and 
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New Zealand – 0.87. These values are close to the international median6 of 0.84 (Martin 
et al., 2004).  
In addition to mathematics and science achievement data, all TIMSS projects also 
collected background information about students’ socio-economic background, about 
their teachers, their schools, as well as the mathematics and science curriculum required 
by the education system in their country. This information was collected in four types of 
background questionnaires (Martin et al., 2004a, 2004b, Martin, 2005): 
− student questionnaires: completed by students, collected information about students’ 
home backgrounds and learning experiences; 
− teacher questionnaires: completed by the mathematics and science teachers, 
collected information about teachers preparation and certification, professional 
development, pedagogical activities, and the curriculum implemented in classrooms;   
− school questionnaires: completed by school administrators, collected information 
about the school contexts, such as school climate, admission policies, etc.; 
− curriculum questionnaires: completed by curriculum experts from each country, 
collected information on mathematics and science curriculum intended to be taught 
in each country.  
                                                 
6 “International median was reported as the median of the reliability coefficients for all countries” (Martin 
et al.., 2004b, p. 386). 
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The student and school questionnaires were the sources for the variables used as 
predictors in the regression models, as well as the secondary student outcome variable, 
attitudes towards science. 
3.4.1. Science Achievement in TIMSS 
Martin et al. (2004) explains the details of the scaling methodology employed by 
TIMSS to ensure that “the science achievement scale was designed to provide a reliable 
measure of student achievement” (p. 390) in all three TIMSS administrations. The 
original metric of the science scale from the 1995 assessment was employed for 
measuring trends from one study to the other, as follows: 
When all countries participating in 1995 at 
the 8th grade were treated equally7, the TIMSS scale 
average over those countries is 500 and the standard 
deviation is 100. To preserve the metric of the 
original 1995 scale, the 1999 assessment was scaled 
using students from the countries that participated 
in both 1995 and 1999. Then students from the 
countries that tested in 1999 but not 1995 were 
assigned scores on the basis of the scale. TIMSS 
                                                 
7 “Since the countries varied in size, each country was weighted to contribute equally to the mean and 
standard deviation of the scale” (Martin et al., 2004b, p. 390). 
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developed the 2003 scale in the same way as in 
1999. (p.390) 
To estimate students’ proficiency in science, TIMSS used probability sampling 
techniques to sample students from national 8th-grade student populations. Also, it used 
matrix-sampling test design methods to measure individual student response to only a 
subset of items the entire assessment domain, while avoiding extensive testing time.  
As described in Gonzalez, Galia, Arora, Erberber, and Diaconu, (2004a), 
population parameters estimated from these samples of students have standard errors that 
capture two sources of uncertainty: (1) one is the uncertainty due to sampling and is the 
result of “generalizing from student samples to the entire 8th -grade […] student 
population” (p. 285); and (2) the other one is the result of “inferring students’ 
performance on the entire assessment from their performance on the subset of items that 
they took” (p. 285) and is referred to in TIMSS as imputation variance. The method used 
in TIMSS to estimate sampling error is called the “jackknife repeated replication 
technique (JRR)” and is described in Johnson and Rust (1992). 
Large-scale assessments, such as TIMSS and NAEP, offer a great opportunity to 
collect information about the distribution of proficiencies in student populations and 
subgroups, by efficiently using matrix-sampling designs of items to booklets. However, 
estimating proficiency scores for individual students is associated with a large 
uncertainty. In order to account for this type of uncertainty, TIMSS used the plausible 
values methodology detailed in Mislevy (1991). Item Response Theory (IRT) scaling 
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methodology enabled TIMSS to give each student a science score on the common scale, 
regardless of which booklet he/she answered. Measurement theory indicates that 
proficiency of an individual student is a latent variable, whose true values cannot be 
measured directly from sampled student responses to test items. Consequently, Rubin 
(1987) suggested the treatment of proficiency as “missing data”. Further on, TIMSS 
makes use of conditioning variables, obtained from running principal components (PC) 
analysis on nearly all student characteristics collected in background questionnaires (in 
TIMSS 2003, PC accounted for “90 percent of the variance in the data”, Gonzalez et al., 
2004b, p.259). Given the IRT parameters for student cognitive responses and the matrix 
of student background variables, the posterior distribution of proficiency scores is 
obtained in a three-step process described by Gozalez et al. (2004b, p. 259). Next, 
random draws are made from these posterior distributions, and the process is repeated 
five times, so that “the uncertainty associated with imputation can be quantified by 
multiple imputation” (Gonzalez et al., 2004b, p. 258). These imputed values are termed 
plausible values (PV), and their use is recommended in making proficiency estimates for 
student populations and for differences in proficiencies between student subgroups, such 
as it would be the case in this dissertation.  
3.4.2.  Students’ Attitudes toward Science in TIMSS 
In TIMSS international database, responses to several questions related to a single 
underlying construct have been reported as a composite score (sometimes called index or 
derived variable in TIMSS international database). This approach was prompted by the 
recommendation from DeVellis (2003) that a composite of multiple items may be a more 
  74
reliable measure of a construct with a high degree of complexity. The methodology 
employed in TIMSS reports for constructing composite variables has been detailed in 
Arora and Ramirez (2004). 
The second outcome modeled in this study, the construct of students’ attitudes 
toward science, is an example of such a complex construct reported in TIMSS database 
as a composite variable. In TIMSS 1995 and 1999, the Index of Attitudes toward Science 
has been computed as the average students’ endorsement of the following statement: “I 
like science” and their response to the question of “Do you think that”: “you enjoy 
learning science”, “science is boring”, “science is important to everyone’s life”, and “you 
would like a job that involved science?”. Responses were measured on a four-point Likert 
scale from strongly disagree to strongly agree. The resulting composite variable was 
measured on an ordinal scale with three categories: low, medium and high.  
In TIMSS 2003, due to changes in the student background questionnaires, the 
variable  corresponding to attitudes toward science was renamed the Index of Students 
Valuing Science and was computed as the average endorsements to seven statements 
instead of five, as in 1995 and 1999, as follows: “I would like to take more science in 
school”. “I enjoy learning science”, “I think learning science will help me in my daily 
life”, “I need science to learn other school subjects”, “I need to do well in science to get 
into the university of my choice”, “I would like a job that involved using science”, and “I 
need to do well in science to get the job I want”.  
For the sake of simplifying the language for the remainders of this study, the 
second outcome variable will be referred to as Index of Attitudes toward Science (ATT), 
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while acknowledging that there are differences in the construct being measured and the 
way it was reported from one TIMSS cycle to the next. It is important to note that, due to 
changes in the measurement of the construct of attitudes toward science between TIMSS 
1995 and 2003, comparisons in ATT across cycles should be interpreted with caution,. 
In all analyses, missing values of students’ attitudes toward science were replaced 
with the median of the composite ATT for each school in which students had missing 
data.  
3.4.3. Predictor Variables 
Variables selected from the student and school background questionnaires as 
predictors in the models for SCI and ATT outcomes, were chosen based on the 
recommendations from the literature on student achievement and school effectiveness. 
The discussion in Chapter 2 supports the rationale for the choice of predictor variables. 
In addition to the background variables selected for this study, sets of 
questionnaires’ items relating to the same underlying construct were combined to form 
composite scores, similar to the approach employed in TIMSS reports for derived indices 
(Arora & Ramirez, 2004). In this study, the new composite scores were computed by 
averaging the score points associated with the response options of the relevant set of 
questions and treated as continuous variables. 
The predictor variables selected from the student questionnaires included:  
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− Highest Level of Education of Either Parent: this variable had four categories in 
TIMSS 1995 and five categories in 1999 and 2003. For the purpose of this study, the 
original TIMSS variable was recoded into a dummy variable with three categories: 
finished less than high-school, finished high-school, and finished university; missing 
values were replaced with the median from each school type. The first category was 
used as reference.  
− Number of Books in the Home: in all three years, this variable had five categories. 
For the purpose of this study, the original TIMSS variable was recoded into a 
dummy variable with three categories: 1 bookcase (<100 books), 2 bookcases (101-
200 books), 3 bookcases or more (>200 books); missing values were replaced with 
the median from each school type. The first category was used as reference. 
− Index of Students' Having Educational Aids in the Home (from now on called Home 
Possessions), dichotomous variable with 0 (No) and 1 (Yes) response options. In 
TIMSS 2003, since ‘home possessions’ was not reported in TIMSS as a derived 
variable (index), it was computed as a composite score from the same questions as 
previous cycles and, hence, treated as a continuous variable ranging from 0 to 1.   
− Index of Self-Concept in Learning Science (in TIMSS 1999), and Index of Self-
Confidence in Learning Science (in TIMSS 2003). After the original categories were 
reverses coded, the variables were recoded into a dummy variable with three 
categories: low, medium, high; the low category was used as reference. 
− The Index of Academic Pressure has been computed as the average endorsement of 
the following statements from the student questionnaire: “My mother thinks it is 
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important to do well in science at school”, “My friend thinks it is important to do 
well in science at school” and “I think it is important to do well in science at 
school”. Before creating the index, the responses to the above questions were 
reversed coded s that low indicate less academic pressure, while high correspond to 
increased pressure. 
The contextual variables selected from school questionnaires included:  
− Index of Availability of School Resources for Science Instruction; in both countries 
and in all three TIMSS cycles, very few schools chose the low category, when 
compared to the percentages of schools that chose medium and high levels. 
Consequently, the low and medium categories combined and the resulting 
dichotomous variable has two categories: Low Resources and High Resources. 
− Index of Good School and Class Attendance (from now on called School Climate); in 
TIMSS 1995, this index was created as a composite continuous variable, with low 
values corresponding to less frequent discipline and behavioral problems; (i.e., a 
good school) and high  values to more frequent discipline and behavioral problems 
(i.e., a problematic school). In 1999 and 2003, the index of school climate was 
reported as a derived variable in TIMSS international database; the low category of 
the index indicated a school with more frequent problems, and high category, less 
frequent problems8.  
                                                 
8 The interpretation of the Index of Good School and Class Attendance in TIMSS 1995 is in opposite 
direction than the interpretation of the index in 1999 and 2003.    
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− The indicator of School Admission Policies was calculated as a composite score of 
principals’ responses to a list of yes and no questions asking about policies on which 
pupils were admitted to their schools. The resulting continuous variable ranged from 
0 to 1, with lower values indicating fewer policies and higher values indicating more 
policies. 
− Parents Acting as Volunteers and Parents Acting in School Committees; 
dichotomous variables with Yes/No response options.  
Additional information about the background variables used as predictors in this 
dissertation compiled from TIMSS International Database User Guides (Gonzalez & 
Smith, 1997; Gonzalez & Miles, 2001; Martin, 2005) is provided in Appendix A. 
3.5. General Research Plan 
The research plan proposed here for modeling science achievement and attitudes 
towards science, as well as analyzing the sensitivity of the estimated effects to 
unmeasured variables, takes advantage of the availability of common student and school 
data from one TIMSS administration to another.  
The TIMSS background questionnaires have changed from one administration to 
the other, and, consequently, some the items in the questionnaires either have changed, or 
were dropped from subsequent assessments. A thorough review of the student and school 
questionnaires from 1995, 1999, and 2003 reveals that the largest number of questions 
was asked in TIMSS 1999, followed by 1995, with 2003 asking the fewest questions at 
both student- and school- levels. For example, in 1995 and 1999, the school questionnaire 
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asked principals and school administrators about admission procedures, but this question 
was not asked again in 2003. As another example, in TIMSS 1999 students were asked 
about their parents’ expectation for their performance in mathematics and science. 
However, TIMSS 1995 asked the same question but only in relation to mathematics, 
while in 2003 the focus was limited to student’s own expectations; hence, only two scales 
consisting of attitudes towards science type of questions were included.  
Since the smallest set of predictor variables available is for TIMSS 2003, this 
feature of the data will be taken into account in the research design. Table 3.1 below 
summarizes the above discussions of the availability of predictors in the three TIMSS 
cycles studied here.   
Table 3.1: 
Phases of the Analysis and  Availability of Predictor Variables in TIMSS Cycles 
Phase TIMSS 1995 TIMSS 1999 TIMSS 2003 
1 set of predictor variables common to all three datasets 
2  
set of predictor variables common 
to 1999 only 
 
3    
unmeasured 
variables 
 
Table 3.1 shows that the variables fall into three categories: first, there is a set of 
background variables that have been collected in all three TIMSS administrations; 
variables in the second category have been collected only in 1995 and 1999; and thirdly, 
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there are variables that could have been measured, but feasibility issues, such as cost, 
time, or study design have prevented it. The third category will be referred to as 
“unmeasured variables” and applies to all three TIMSS assessments. 
In the first phase, the set of student- and school-level predictor variables that was 
common to all three cycles was used in the two-level HLM analysis, with students at 
level 1 and schools at level 2,  for each country at the three points in time. 
In the second phase, for TIMSS 1995 and TIMSS 1999 only, more predictor 
variables were added at the student level, corresponding to the set of variables that are 
common to these two administrations but not 2003. The estimated effects of school type 
from the model using the smaller set of predictors were compared with the results of the 
models using the larger set. These comparisons provided information about how sensitive 
estimates were from the first model (i.e., the one using the small set of predictors) to the 
inclusion of the new set of predictors. 
Table 3.2 below provides a summary of the analyses for both student outcomes, 
i.e., science achievement and attitudes toward science, for each gender, in the two 
countries during the three TIMSS administrations. 
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Table 3.2:  
Summary of Analyses Proposed in Phase 1 and 2 of This Study 
Country TIMSS Boys Girls 
New Zealand 
1995 
SCI ATT SCI ATT 1999 
2003 
Hong Kong 
 
1995 
SCI ATT SCI ATT 1999 
2003 
Note: SCI - Science achievement; ATT - Attitude towards science. SCI is bolded to 
indicate that it is the primary outcome variable. 
In the third phase, the sensitivity of estimated school-type effect on student 
outcomes to the presence of unmeasured variables was analyzed using a modification of 
the method proposed by Rosenbaum and Rubin (1983). Since this methodology is in the 
exploratory stage, the focus was limited to the TIMSS 2003 data set for Hong Kong’s 
girls. 
As discussed in the final section of Chapter 2, there were two major sources of 
difficulties that require special attention in the design of this study. First, there were 
challenges specific to working with clustered data collected in large-scale assessments 
such as TIMSS; these challenges have been addressed by using the hierarchical linear 
model (HLM) statistical technique, described in Raudenbush and Bryk (2002).  
Second, there were shortcomings posed by the nature of observational studies, in 
which there may be unmeasured variables that can potentially contribute to selection bias. 
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In the absence of random assignment of participants to treatment and control groups, the 
contribution of these hidden variables to the estimates of treatment effects cannot be 
assumed negligible. For example, the estimated average difference in student 
achievement between school types may, in part, be the result of initial differences 
between student populations. Without any information about student prior academic 
achievement, as it is the case in TIMSS studies, the treatment effects may be confounded 
with pre-existing differences due to selection bias and should not be ignored. Although 
the literature does not provide a straightforward answer to this problem, it is clear that 
using statistical controls by introducing covariates at student and school-levels of the 
HLM only partially accounts for selection bias and, hence, some sort of sensitivity 
analysis should be pursued. 
The specifics of the hierarchical liner models used in this study are presented 
next, while the attempt to analyze the sensitivity of estimated effects to unmeasured 
variables is presented in the following section. 
3.6. Working with Nested Data: Phases 1 and 2 
When students are nested within schools, as it was the case in this study, one 
important question is the appropriate unit of analysis. If schools are treated as the unit of 
analysis, the variation among students within schools will be ignored and the model will 
misrepresent the relationship among the variables at the student level. Students in the 
same class/school will all have the same values for group-level variables, such as school 
resources or admission procedures, and consequently, there will be no variation to 
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explain within group differences among students. This problem is referred to as 
aggregation bias.   
On the other hand, if the student is treated as the unit of analysis, the nesting 
within schools would be ignored. As explained in the sampling section, students from the 
same class/school have more characteristics in common than students randomly sampled 
from the whole population of eight-graders in a country. For example, they have been 
taught by the same science teacher, have accessed the same school resources, etc. This 
within-group dependency specific to clustered structures contributes to the violation of 
one of the fundamental assumptions of ordinary least squares (OLS) regression, the 
assumption of independence of observations. If error terms are not independent, the 
regression estimates have inflated standard errors which, in turn, lead to an increased 
probability of making a Type I error9. 
Moreover, as opposed to the assumptions of conventional regression and analysis 
of variance (ANOVA) models, in clustered data the relationships between dependent and 
independent variables can vary across groups, resulting in heterogeneity of regression 
slopes. For example, students in a school in which students have a wide range of 
achievement scores may experience the effects of single-sex education very differently 
from those in a school with high achievement scores for all students.  
                                                 
9 “Type I error rate is the probability that a statistical test will incorrectly reject a null hypothesis of no 
difference when the null hypothesis is true. The Type I error rate is set in advance, with .05 as typical 
value. Type II error rate is the probability that a statistical test will incorrectly accept a null hypothesis 
when the null hypothesis is false. The Type II error rate is determined by the Type I error rate, the 
statistical test used, and the extent of the departure from the null hypothesis” (Braun et al., 2006, p.5). 
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To overcome these problems, a multilevel modeling approach has been adopted in 
this study. Hierarchical linear models represent a class of techniques in which two or 
more linear regression equations are linked in a hierarchical order, that explicitly 
recognize the nesting structure of the datasets (Raudenbush & Bryk, 2002). In multilevel 
regression models, covariates can be added at different levels in the regression equations, 
while standard errors of the means and regression coefficient can be estimated without 
bias, assuming no omitted variables. Consequently, the corresponding significance tests 
have the proper Type I error rate (Raudenbush & Bryk, 2002).  
In this dissertation, at level 1, a regression equation for each school relates a 
student’s science achievement score and attitudes toward science to one or more 
background characteristics, such as parental education or self-confidence in learning 
science. The relationship between science test scores and students’ background 
characteristics can differ from one school to another. At level 2, each school’s set of 
regression coefficients is predicted by one or more school characteristics, such as school 
resources for science, admission policies etc. Consequently, HLMs explore how the 
inclusion of predictor variables at both student- and school- levels changes the estimated 
average difference in adjusted school means between single-sex and coeducation schools.  
Another useful characteristic of HLMs is that they provide information about the 
decomposition of the total variance into a between-student, within-school component and 
a between-school component. Using HLM provides estimates of the proportion of 
variation that the predictor variables at each level can account for. Specifically, the level-
1 regression indicates how much of the variation in science scores between students 
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within schools can be accounted for by differences in student characteristics. Also, level-
2 regression coefficients indicated how differences in contextual variables at school level, 
such as school type, can account for variation in school means. 
3.6.1. Details of the Multilevel Models for Science Achievement 
The primary outcome variable used in this study was student science achievement 
(SCI). The TIMSS methodology for reporting student achievement in mathematics and 
science is well-documented (for example, Martin et al., 2004, for details for TIMSS 
2003). In all the TIMSS studies, science achievement is reported as plausible values 
(PVs) of student proficiency on the science portion of the test, generated using the IRT 
scaling methodology. The IRT scales were constructed for reporting student overall 
achievement in science. In addition, TIMSS 2003 reported student achievement in each 
of the science content domains10.  
The TIMSS user guides recommend using plausible values in conducting 
regression analyses with science scores as outcome variables. The five PVs described 
above, corresponding to the science overall scale, will be used as outcome variables in 
this dissertation. 
This dissertation employed HLM6 software program, which was designed to carry 
out the calculations associated with the sampling variance that is the result of TIMSS 
clustered datasets. At the same time, this statistical package was designed to take into 
account the uncertainty associated with the estimation of individual proficiency scores, 
                                                 
10 Same report was completed for mathematics. For details, see Martin et al. (2004, p. 263). 
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by running the model five times, with each plausible value as the outcome variable in 
each run. The final estimates are the averages of the results from the five analyses, 
according to the methodology described in Mislevy (1991, cited by Gonzalez et al., 
2004b).  
According to the TIMSS sampling procedure, from a country’s population of 8th 
grade students, each student has a probability of being selected to participate in TIMSS 
assessment, with the exceptions documented in TIMSS technical reports (Martin et al., 
2004a, 2004b, Martin, 2005). The inverse of this selection probability is used as the 
sampling weight. Consequently, the TIMSS database contains a complex system of 
sampling weights which are required to obtain correct estimate of population parameters. 
In this study, the HOUWGT11 (“house weight”) was used because it allows for a 
discussion of how the strength of the relationship between the outcome variable and type 
of school varies across TIMSS cycles, without being worried about the difference in each 
country sample sizes from one cycle to the next one. 
Centering the predictor variables in the regression equations at each level is an 
important aspect of the HLM analysis and, in particular, has implications for the 
interpretation of the regression coefficients in the model. The predictor variables at both 
student- and school- levels were described in Section 3.4.3 above and were either 
categorical or continuous variables. Categorical variables included parental education, no. 
                                                 
11 Because the student sampling weight, known as TOTWGT, “inflates sample sizes to approximate the 
population size, software systems that use sample size to compute significance tests will give misleading 
results for analyses weighted by TOTWGT. To avoid this problem, TIMSS provides HOUWGT, a 
transformation of TOTWGT that ensures that the weighted sample corresponds to the actual sample size in 
each country” (Martin, 2005, p. 2-45). 
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of books, availability of home possessions and self-confidence in learning science at 
student-level; and availability of school resources, index of good school, parents in 
committees and as volunteers, at school-level. Continuous variables included academic 
pressure, at student-level, and school admission policies, at school level. Categorical 
variables were all dummy coded, as explained in Section 3.4.3 and, hence, not centered. 
However, continuous variables were centered at the grand mean for that variable, 
that is, at the mean over all students in the sample of each country. In other words, for 
each school, the intercept of the level-1 model will be the expected outcome of a student 
whose value on that variable is equal to the grand mean for that variable (Raudenbush & 
Bryk, 2002). With grand-mean centering at level-1, the adjusted intercepts can be 
described as adjusted school means for the covariates entered at the student-level. Braun 
et al. (2006) explain that centering a level-1 predictor variable at the grand mean “puts all 
school means on an equal footing with respect to that variable” (p. 7). Centering of 
contextual variables at school-level is of a lesser importance; nevertheless, (Raudenbush 
& Bryk, 2002) recommend that level-2 predictor variables be centered “around their 
corresponding grand means” (p.35), to ease the interpretation of the level-2 intercepts.  
Modeling average differences between mean science achievement in single-sex 
and coeducational schools employed two-level hierarchical linear models. At level 1, 
science achievement was regressed on student characteristics within each school and each 
regression equation was characterized by a school-specific intercept and vector of slopes. 
The intercept and slopes for each school became the outcome variables in level-2, 
between-school regression equations. This way, the hierarchical linear models examines 
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the partitioning of the variance in intercepts and slopes into within-school and between-
schools variance. 
The following equation presents the general form of the Level 1 (i.e., student) 
model for one country and gender: 
),0()(...)( 21110 σβββ NrrXXXXSCI ijijPPijPjijjjij =+−+−+= ••••  
The following notations were used:  
− i indexes students within schools,  j indexes schools, and p indexes student 
characteristics; 
− SCIij is the science score for student i in school j ; 
− X1,…XP are P student characteristics indexed by i and j as above; 
− β0j is the mean for school j, adjusted for the covariates X1,…XP; 
− β1j ,… βPj are regression coefficients for school j, associated with the covariates 
X1,…XP; 
− rij is the random error (i.e.,  residual term) in the level-1 equation, assumed to be 
independently and normally distributed with mean 0 and a common variance σ2 for 
all students. 
The level-2 school models are shown below: 
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Here, SCHTYPEj represents the school-level predictor of main interest in this 
dissertation study. The SCHTYPEj variable indicates which type each school belongs to, 
with 1 for single-sex schools and 0 for coeducational schools. Then:  
− γ00 is the intercept for the regression of the adjusted school mean on school type and 
represents the expected achievement when SCHTYPEj equals zero (i.e., coeducation 
schools); 
− γ01 is the focal parameter of this study and represents the regression coefficient 
associated with school type and represents the average difference in adjusted school 
means between single-sex and coeducation schools12; 
− W2j …WQj represent school-level predictors other than SCHTYPEj; 
                                                 
12 Separate analyses were conducted for boys and girls, i.e.,boys in single-sex school were compared with 
boys in coed schools; similar for girls. 
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− γ10,…, γP0 denote the expected X1,…XP - achievement slopes when all school-level 
predictors (including SCHTYPEj) equal zero (i.e., for coeducation schools)  
− γ11, … , γP1 is the mean difference in X1,…XP - achievement slopes for a one unit 
change in SCHTYPEj (i.e., for single-sex schools); 
− γ12, … , γP2 is the mean difference in X1,…XP - achievement slopes for a one unit 
change in W2j;  
− γ1Q, … , γPQ is the mean difference in X1,…XP - achievement slopes for a one unit 
change in WQj; 
− u0j is the random error in the level 2 equation and represents the unique effect of 
school j on mean achievement holding SCHTYPEj constant;  
− u1j,…, uPj are the unique effects of school j on the X1,…XP - achievement slope 
holding school grouping variable SCHTYPEj constant.  
The random effects u0j and u1j,…, uPj were assumed to be independently and 
normally distributed within and across schools with 0 means, and variances τ  
(Raudenbush and Bryk,  2002). 
This dissertation explores how the inclusion of multiple predictor variables at 
both student- and school- levels affects the estimated average difference in adjusted 
school means between single-sex and coeducation schools. Also, using HLM will provide 
estimates of the proportion of variation in the outcome variable that the predictor 
variables at each level can account for. 
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The choice of covariates at both student- and school-levels of the model was 
informed by the review of the literature. The review provided in Chapter 2 contributed to 
the identification of the variables that are critical to the investigation of the impact of 
single-sex schooling on the outcome variable. In addition to the literature review, the 
final set of predictor variables for each country during each TIMSS cycle was chosen 
upon examination of descriptive statistics, such as means, standard deviations, number of 
missing data, etc. as well as a sequence of exploratory analyses in which different 
combinations of variables were examined.  
As mentioned previously, not all the variables are available in all three TIMSS 
datasets, because background questionnaires have changed significantly from one 
administration to the next one. Therefore, the choice of predictor variables for the models 
in each country at each point in time was driven by the availability of these variables in 
TIMSS database from each administration, i.e.,  1995, 1999, and 2003. Following the 
approach used in Braun et al. (2006), the verbal explanations of the sequence of models 
included in the HLMs are presented in the Table 3.3 below. The structure of the fitted 
models was the same for both jurisdictions in all three TIMSS administrations, the only 
difference stemming from the set of predictor variables employed at the student- and 
school levels: 
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Table 3.3: 
Sequence of fitted models 
Model 
Level 1- student: predictor 
variables 
Level 2- school: predictor 
variables 
A None None 
B None School type 
C Student characteristics  School type 
D Student characteristics  
School type + other school 
characteristics 
 
The models presented below follow the sequence presented in the above Table 
3.3. The outcome variable modeled below is science achievement; hence the outcome 
variable is denoted by SCIij and represents the science score of student i in school j.  
Model A – Partitioning of Variance 
Model A is a fully unconditional model, with no level-1 or level-2 predictor 
variables. Model A provides information about: the decomposition of the total variance 
into within-school (σ2) and between-school (τ00) components; the point estimate and 
confidence interval around the grand mean (γ00); and allows for the calculation of the 
intra-class correlation coefficient.  
Level 1:  
 
),0( 20 σβ NrrSCI ijijjij =+=
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Level 2:  
 
Model B – Addressing Research Question 1 
In Model B, the school-type indicator SCHTYPEj is included as a contextual 
variable at the school level 2: 
Level 1: 
),0( 20 σβ NrrSCI ijijjij =+=  
Level 2: 
),0((SCHTYPE) 000001000 τγγβ Nuu jjjj =++=  
In Model B, the regression coefficient for the school-type indicator estimates the 
average difference in unadjusted school means between single-sex and coeducation 
schools. Running this model for each country using their datasets from each TIMSS 
administration provided answers to the first research question of this dissertation. 
Model C - Addressing Research Questions 2 
In the next step of the sequence of models, i.e., Model C, the study examined the 
school outcome differences after adjusting for student characteristics that have been 
reported in the literature as potential predictors of science achievement and attitudes 
toward science.  
),0( 0000000 τγβ Nuu jjj =+=
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By introducing predictors as covariates at the student level 1, Model C adjusts 
school mean scores for differences in students’ characteristics among schools. In Phase 1 
of Model C, the set of common student predictor variables among all three TIMSS cycles 
included parental education, number of books, home possessions and academic pressure, 
with the latter being common to TIMSS 1995 and 1999. The equations below present the 
model with the common set of covariates (Phase 1): 
Level 1 - Phase 1:  
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In Phase 2, the model included another variable common to 1999 and 2003, i.e., 
self-confidence in learning science. The equations below present the model with the 
extended set of covariates (Phase 2): 
Level 1 - Phase 2: 
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Model C resembles a one-way ANCOVA with random effects in intercepts at 
level-2. The relationship between students’ characteristics and student 
achievement(γ10,…, γ60 in Phase 1 and γ10, .., γ80 in Phase 2) is constrained to a fixed value 
across all schools. In Model C, the regression coefficient for the level-2 contextual 
variable school-type indicator estimated the average difference in science achievement 
for students with the same characteristics but attending the two  type of schools i.e., This 
was the second research question addressed in this dissertation. Examination of results 
from Model C could address questions raised by parents, teachers, or any stakeholders 
interested in finding the best school environment for each student, given that child’s 
individual characteristics.  
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Model C was also used in the sensitivity analysis, which addressed the fifth 
research question of this study. 
In all of the above models, only the intercepts are allowed to vary at random. 
These models are called random-intercepts models by Raudenbush and Bryk (2002, p. 
26). In an intermediate step, the slope associated to student characteristics were allowed 
to vary at random, instead of being fixed, to determine whether there was any statistically 
significant variation in the slopes across schools. After accepting the hypotheses of no 
significant variance in the slopes student achievement and covariates across schools in an 
exploratory study, only the level 1 intercepts were allowed to vary, while the level 1 
slopes were fixed.  
Model D - Addressing Research Questions 3 and 4 
In the final sequence of models, i.e., Model D, the science achievement 
differences between the school-types were adjusted not only for student but also for 
school characteristics. Therefore, Model D builds on Model C, by including contextual 
variables at the school-level, in addition to the school-type indicator. In Phase 1, Model D 
included the set of common predictor variables among all three TIMSS cycles not only at 
the student level but also at the school level. Specifically, the common set of school 
variables include availability of school resources, the index of good school and class 
attendance and the composite for school admission policies, with the latter common to 
TIMSS 1995 and 1999. The equations below present the model used in Phase 1: 
Level 1 – Phase 1: 
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In Phase 2, the model included two more school level variables common to 1999 
and 2003, i.e., school expectations of parents to volunteer and to participate in school 
committees. The equations below present the model with the extended set of covariates 
(Phase 2). 
Level 1- Phase 2: 
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In this final model, the regression coefficient for the school-type indicator 
estimated what the average difference in school means between single-sex and 
coeducation schools would be, if all schools had the same distribution of student 
characteristics, while holding other contextual variables constant across schools. This is 
the third research question addressed in this dissertation. Examination of answers to this 
question could be of interest to school principals, upper-level administration or any 
educational policy makers concerned with school policies potentially related to student 
achievement.  
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Model D included all student and school characteristics selected for this study 
and, hence, was used in answering the fourth research question of this dissertation, i.e., 
what factors are significantly related to boys’ and girls’ science performance, as 
measured in TIMSS 1995, 1999 and 2003 for the two jurisdictions.  
3.6.2. Details of the Multilevel Models for Attitudes toward Science 
Modeling attitudes toward science (ATT) employed a two-level hierarchical 
model that uses cumulative probabilities to represent the ordered nature of the data 
(Randenbush & Bryk, 2002). Cumulative probabilities for the categorical variable ATT 
with three categories, m = 1, 2, 3, corresponding to low, medium, and high are shown 
below: 
 
The cumulative probability for ATT≤3 is always equal to 1, therefore, only the 
cumulative probabilities for the first two categories need to be modeled.  The cumulative 
log-odds for the first two categories are denoted below: 
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By transforming the cumulative probabilities for the first two categories of ATT 
in cumulative log-odds, hierarchical logistic regression models are used. In this 
framework, the cumulative logit for each category is modeled in terms of student 
characteristics at level 1 and school variables at level 2, using the same sequence of 
predictor variables as in the modeling of science achievement outcome. Level 1 student 
equations corresponding to Model C are shown below: 
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In the equations above, δ2 is a variable called threshold denoting the difference in 
the intercepts of the logistic regression models for the first two  categories, ATT = 1 and 
ATT = 2. Level 2 equations are similar to Model C and introduce the school-type 
indicator as a school-level predictor variable for modeling the slopes corresponding to 
each level 1 logistic regression equations, as shown below: 
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Before the discussion of the proposed method for conducting a sensitivity 
analysis, it is important to remind the reader that in all the models described above, 
separate analyses were conducted for boys and girls, so that boys in single-sex schools 
were compared to boys in coed schools, and girls in single-sex schools were compared to 
girls in coed schools. 
3.7. Sensitivity Analysis: Phase 3 
3.7.1. Theoretical Framework for the Sensitivity Analysis 
As mentioned before, the final set of predictor variables for Models C, and D was 
determined by a sequence of exploratory analyses in which different combinations of 
variables were examined. There is no guarantee though that the retained set of variables 
was the optimal one because there may be variables that are not included but are 
correlated with the outcome. 
In an ideal situation, the differential effectiveness between the two types of 
schools would be examined in an experiment in which students are randomly assigned to 
either single-sex or coeducation schools. With a sufficiently large sample, such a 
procedure would guarantee that, on average, there are negligible initial differences 
between students attending single-sex and coeducation schools, and would facilitate a fair 
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comparison of the two school types and drawing causal inferences about the unbiased 
treatment effect of school-type (i.e., single-sex or coeducation) on student outcomes. 
However, in this observational study that used the datasets provided by the 
TIMSS studies, students were not randomly assigned to schools; rather, their families 
choose to enroll them in either single-sex or coed schools. In each country, single-sex 
public schools may have important differences in their policies and procedures compared 
to coed public schools. These factors may influence parents’ preference for one school-
type or another. If, for example, single-sex schools impose stricter discipline than coed 
schools, and parents who believe in the positive influence of discipline chose to send 
their children to these schools, it may also be that these parents are more involved in their 
children’s education, allocate more resources, have higher socio-economic statuses, etc. 
All these factors, i.e., parental involvement, socio-economic status at home, are positively 
related to academic achievement and, hence, contribute to selection bias.   
Braun et al. (2006b) asserted that it would be impossible to determine how 
patterns of self-selection may affect the estimated student and school- effects, without 
more information about previous student characteristics. Examples of previous student 
characteristics that are not directly measured in TIMSS background questionnaires but 
could be correlated with both science achievement (i.e., the outcome) and school type 
(i.e., the “treatment” variable), include: measures of prior achievement; the possible 
attraction of parents to single-sex schools because they felt that their children were not 
well served in coed schools; the extent to which parents provide differential amounts of 
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support and encouragement for academic achievement; the extent to which parents 
promote different types of attitudes towards science in their children.  
Therefore, before any inferences with respect to the effectiveness of single-sex 
education are made, the hypothesis that students enrolled in each type of schools differ on 
key characteristics associated with their achievement should be investigated in the 
context of each country. 
3.7.2. Proposed Methodology for the Sensitivity Analysis  
The sensitivity of estimated school-type effect on student outcomes to the 
presence of unmeasured variables was analyzed using a modification of the method 
proposed by Rosenbaum and Rubin (1983). Their method consists of the estimation of 
the average effect of a treatment on a binary outcome variable after adjustment for 
observed categorical variables and an unobserved binary covariate U, under several sets 
of assumptions about U (p. 212). In this approach, the authors make a variety of 
assumptions about the unobserved variable U and explore how the estimated effect of the 
treatment changed with these assumptions.  
Montgomery et al. (1986) used the above method, but made some simplifying 
assumptions about the structure of the model to identify the final model, so that all the 
parameters, including those governing the unobserved one, could be estimated. 
Specifically, based on the recommendations from the literature, they chose an observed 
variable that appeared to be linked to both outcome and treatment, and treated this 
variable as a proxy indicator for unmeasured variables. This way, the authors allowed 
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“the parameters of the mixing distribution for the unobservable to shift with the value 
taken by birth weight” (p. 297) (i.e., the proxy indicator).  
The sensitivity analysis adopted in this study follows the method proposed by 
Rosenbaum and Rubin (1983) with the modification suggested by Montgomery et al. 
(1986). To make these ideas more concrete, the following notations are introduced:  
− Z  represents the assignment of the student to school type; it can take values of 0 (for 
coed schools) or 1 (for single-sex schools);  
− For a student i, the outcome variable is denoted by Oi,0 for a student from a coed 
school; and by Oi,1 student from in a single-sex school; 
− X represents the vector of student level covariates (for the purpose of this 
exploratory study, only level 1 covariates were included, although it is possible to 
include variables at higher levels); 
− U stands for the unmeasured variable at student-level.  
In the framework laid out by the work of Rosenbaum and Rubin (1983), each 
student in the study has both a potential response Oi,0, if the student were enrolled in a 
coed school and a potential response Oi,1, if the same student were enrolled a single-sex 
school. In this formulation, the treatment effect would be estimated by the average 
difference between the two responses, i.e., ,  ,. 
If the students were randomly assigned to school types, given the set of observed 
covariates, i.e., a randomized block experiment with covariates as block factors, the 
strong ignorability assumption (Rosenbaum & Rubin, 1983) would hold: 
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Equation 1 describes a situation where Z, i.e., assignment to treatment, and the 
two potential outcomes Oi,0 and Oi,1 would be conditionally independent given the full set 
of covariates X. In this case, the treatment effect could be estimated without bias.  
However, in practice, each student is enrolled in one school type only but not in 
both. Therefore, comparing Oi,0 and Oi,1 for the same student i is impossible in practice 
because the outcome of student i can be either Oi,0 or Oi,1. In this case, the next best 
measure for the treatment effect is the difference between the expected values of the two 
potential outcomes, i.e., E(O1) – E(O0). Rosenbaum and Rubin (1983) pointed out that the 
assumption of strong ignorability is “not known to hold in an observational study” (p. 
213). Hence, without additional information about unmeasured variable(s), it is unknown 
whether the relationship depicted in Equation 1 is true or false. 
In order to assess the robustness of the conclusions of this study to the possible 
violation of the assumption of strong ignorability, we use the method proposed by 
Rosenbaum and Rubin (1983) to analyze the sensitivity of the results to the potential 
existence of an unmeasured covariate U. One important difference is that the outcome 
variable in the present study is a continuous variable, i.e., science scores in TIMSS 1999, 
as opposed to the binary outcomes used by Rosenbaum and Rubin (1983) as well as 
Montgomery et al. (1986). In the study proposed here, we assume that the treatment 
assignment is not strongly ignorable given the set of covariates X, but it is strongly 
ignorable given the set of covariates X and the unobserved covariate U. The following 
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equation (2) denotes the mathematical expression for the assumption of strong 
ignorability, indicating that assignment to treatment Z and the two potential outcomes 
(Oi,0,Oi,1) would be conditionally independent, given the full set of covariates X and the 
previously unmeasured variable U: 
),(),( 1,0, XUZOO ii ⊥  (2) 
In this study, we assumed that parental involvement was the unmeasured variable 
U because, on one hand, it was mentioned in the single-sex education literature as a 
possible source of selection bias (Sadker & Zittleman, 2004) but, on the other hand, this 
construct was not directly measured in TIMSS. It might be possible that parents with 
higher involvement with their children’s academic activities have a higher probability of 
enrolling their children in single-sex schools. In other words, higher parental involvement 
may contribute to higher outcomes, which may contribute to (apparent) advantage of 
single-sex schools. Therefore, the unmeasured variable U, which not only has a 
relationship with the outcome variable but also with the treatment assignment, may cause 
selection bias. 
In a hypothetical study in which the previously omitted variable parental 
involvement U would be measured, introducing it in the model would account for the 
possible selection bias between student i’s assignment to treatment conditions and his/her 
outcome (i.e., Oi,1 or Oi,0). In this case, the treatment effect would be estimated without 
bias, given the set of covariates X and the previously unmeasured variable U. 
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In this study, the sensitivity analysis employed a numerical simulation experiment 
that belongs to a class called Monte Carlo simulations.  
Monte Carlo simulation is a technique for estimating a numerical quantity of 
interest as the statistical average of the outcomes of a large number of numerical 
experiments (Grimmett & Stirzaker, 2001). The Monte Carlo simulation is often used as 
an alternative to performing a specific calculation that would be otherwise too difficult to 
do in practice: either too time-consuming or beyond the available computational 
resources. These techniques were named after the casinos in Monte Carlo by Metropolis, 
von Neumann and Ulam who used them during their work on nuclear weapons design at 
Los Alamos National Lab in the 1940s (Grimmett & Stirzaker, 2001).  
This study used two assumptions in order to simulate the conditions that would 
introduce selection bias in the dataset. Each one of these two assumptions was included 
in a two-step sensitivity analysis method presented below. The first step was to generate 
numerical values for the unknown variable U that represented parental involvement. In 
step two, a fixed positive value was chosen for the regression coefficient corresponding 
to U (βUj) and a Model C HLM (i.e., the HLM with student-level covariates only) was 
fitted to obtain the new estimates (and standard errors) of the school-type contrast γ01.  
Step 1: Simulation of Parental Involvement (U) from its Conditional Probability 
on Assignment to Treatment (Z) 
The first assumption was that parents who were less involved with their children’s 
education were more likely to enroll them in coed schools than in single sex schools and 
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that parents who were more involved with their children’s education were more likely to 
enroll them in single sex schools than in coed schools. 
This assumption can be depicted in mathematical terms from the conditional 
probability that parental involvement U takes the value u given that assignment to 
school-type takes the value z, i.e., Pr(U=u | Z = z), where u can be either 0 (low 
involvement) or 1 (high involvement) and z can be either 0 (coed school) or 1 (single-sex 
school).  
The table below represents the conditional probability that parental involvement 
U takes the value u given that assignment to school-type Z takes the value z, i.e., Pr(U=u | 
Z=z): 
Table 3.4:  
The Conditional Probability of Parental Involvement U Given Assignment to School-Type 
Z 
Conditional probability (π) 
Z 
0 1 
U 
0 π00 π01 
1 π10 π11 
The probability that parental involvement was low given that students are in coed 
schools was assumed to be higher than the probability that parental involvement was low 
given that students were in single-sex schools is depicted in the equation below: 
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Pr(U=0|Z=0) > Pr(U=0|Z=1) (3) 
or: 
π00> π01  (3′) 
where π00 represents the probability that parental involvement is low given that 
students are in coed schools; and π01 represents the probability that parental involvement 
is low given that students are in single-sex schools. 
The probability that parental involvement was high given that students were in 
single-sex schools was assumed to be higher than the probability that parental 
involvement is high given that students are in coed schools is shown in the equation 
below:  
Pr(U=1|Z=1) > Pr(U=1|Z=0) (4) 
or: 
π11> π10  (4′) 
where π10 represents the probability that parental involvement is high given that 
students are in coed schools; and π11 represents the probability that parental involvement 
is high given that students are in single-sex schools.  
To clarify the ideas discussed so far, the following tables show two examples 
conditional probability distributions of U given Z and illustrate how the unmeasured U 
variable may give an indication of the selection bias.  
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Table 3.5:  
Example of a Conditional Probability of Parental Involvement U Given Assignment to 
School- Type Z: Mild Selection Bias 
Conditional probability (π) 
Z 
0 1 
U 
0 0.80 0.65 
1 0.20 0.35 
In the first example, a student in a coed school (Z =0) has a lower probability (π10 
=0.20) that her parents have a high involvement (U =1) than a student from a single-sex 
school (Z =1), whose probability of high parental involvement (U =1) is π11 =0.35. A 
student from a coed school (Z =0) is more likely (π00 = 0.80) to have parents with low 
involvement (U = 0) than a student in single-sex school (Z =1), whose probability of low 
parental involvement (U = 0) is π01 = 0.65. The differences between the conditional 
probabilities, though, are not large and, hence, this might example illustrates a case of 
mild selection bias caused by the relationship between parental involvement and their 
choice of school-type. 
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Table 3.6:  
Example of a Conditional Probability of Parental Involvement U Given Assignment to 
School- Type Z: Strong Selection Bias 
Conditional probability (π) 
Z 
0 1 
U 
0 0.80 0.20 
1 0.20 0.80 
However, the second example illustrates a case of strong selection bias. For 
example, a student in a coed school (Z = 0) is far less likely (π10 = 0.20) to have parents 
with high involvement (U = 1) than a student from a single-sex school (Z = 1), whose 
probability of high parental involvement (U = 1) is π11 = 0.80. On the other hand, a 
student from a coed school (Z = 0) has a higher probability (π00 = 0.80) that her parents 
have low involvement than a student in single-sex school (Z = 1) whose probability of 
low parental involvement (U = 0) is only π01 = 0.20. Table 3.3 indicates how the 
unmeasured U variable may hide the selection bias, because the conditional probability of 
high parental involvement (U = 1) is higher in single-sex schools than in coed schools. 
Both parental involvement U and school type Z are Bernoulli random variables. 
The variable U can be simulated with a Monte-Carlo simulation method by sampling 
from the conditional distribution of U given Z, i.e., Pr(U = u | Z = z). For each student i in 
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the TIMSS 2003 dataset for Hong Kong girls, the following algorithm was used to 
generate Ui: 
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where zi represents the value of the assignment to school-type Z for student i, and 
can be either 0, if student i is in a coed school, or 1, if student i is in a single-sex school. 
In order to compute random numbers, statistical simulation relies on pseudo-
random number generators that produce sequences of numbers, such as ξ in the above 
equation (Grimmett & Stirzaker, 2001). These pseudo-random numbers are assumed to 
be independently and uniformly distributed on the [0,1) interval. This study employed the 
Mersenne Twister random number generator implemented as a built-in function rand() in 
the programming language Python which was used for the Monte Carlo simulation13.  
Since the conditional probabilities of U given Z sum up to 1 (as shown in 
Equation 6 below) and U takes only the value 0 or 1, the probability of U taking one 
value depends on the probability of U taking the other value: 
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Therefore, we only need to simulate the value for the probability of U=1 given Z, 
as shown in the following equation: 
                                                 
13 The Python program that performed the Monte Carlo simulation was written by Dr. Cristian Diaconu 
from Rice University.  
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The two conditional probabilities π10 and π11 had to respect the condition used to 
model the first assumption about selection bias as shown in Equation 4 above. For each 
probability π10 and π11, a list with five possible values from 0.2 to 0.8 in increments of 
0.15 was generated and each conditional probability could take a value from the set of 
{0.2, 0.35, 0.5, 0.65, 0.8}. However, the algorithm selected only pairs of (π10, π11) that 
respect the condition in Equation 4, i.e., π11> π10. For the chosen number of values for 
each probability π1s (i.e., N=5), the number of pairs (π10, π11) that respect the condition in 
Equation 4 is given by: 
Nπ = N(N-1)/2 = 10. (8) 
Therefore, from all the possible combinations of conditional probabilities π1s from 
the set of {0.2, 0.35, 0.5, 0.65, 0.8}, only 10 pairs of (π10, π11) were retained and each pair 
was used in the Monte Carlo algorithm to generate a set of values ui. Therefore, ten sets 
of values for the unknown variable U, {u1, u2, … , u10}, were generated and each set was 
augmented to the existing TIMSS 2003 dataset for Hong Kong’s girls. The following 
table shows the 10 pairs of conditional probabilities (π10, π11) used to generate the ten sets 
of values for the unknown variable U. 
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Table 3.7:  
The 10 Pairs of Conditional Probabilities Used in the Simulation of the Unknown 
Variable U 
U π10 π11 
u1 0.20 0.35 
u2 0.20 0.50 
u3 0.20 0.65 
u4 0.20 0.80 
u5 0.35 0.50 
u6 0.35 0.65 
u7 0.35 0.80 
u8 0.50 0.65 
u9 0.50 0.80 
u10 0.65 0.80 
 
Step 2: Fixing the Regression-Coefficient for U and Fitting the Multi-Level 
Model C 
The second assumption for introducing selection bias was that, everything being 
equal, science achievement would be larger when parental involvement is high (U=1) 
than when parental involvement is low (U=0). In other words, students with highly 
involved parents would achieve higher scores in TIMSS science when compared to 
students with lesser involved parents. In mathematical terms, this assumption was 
modeled by fixing the regression coefficient for U (βUj) to a positive value, when the 
simulated variable U was introduced as a student level covariate in the HLM model of 
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science achievement. Also, it is important to note that the same regression coefficient βUj 
was assumed for both school-types. 
As discussed before, the missing variable U was simulated to resemble a student 
characteristic (i.e., parental involvement) related to student achievement and, if included 
in TIMSS dataset, would have been also included in the HLM model of science 
performance. Therefore, in order to decide on a value for βUj, the magnitude of the 
regression coefficients of student-level covariates similar to parental involvement was 
inspected. As shown later in Chapter 4, Table 3.4 presents the multi-level regression 
coefficients for student variables predicting science achievement for Hong Kong’s girls 
in TIMSS 2003. Based on the values of the regression coefficients corresponding to 
parental education, number of books and home possessions, the value for βUj was set as 4. 
This means that, everything being equal, a student with highly involved parents would 
score 4 points more on the TIMSS 2003 science scale than a student with parents that 
were not involved in her education. 
Next, the HLM Model C predicting science achievement of Hong Kong’s girls 
was fitted using the augmented TIMSS 2003 dataset that include simulated sets of Ui’s in 
the vector of student covariates, i.e., (U, X). The following equations depict the fitted 
models for the augmented dataset: 
Level 1- student: 
(9) 
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Level 2- school: 
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As a reminder, the following notations were used: 
− i is the index for students, and ranges from 1 to N; 
− j is the index for schools, and ranges from1 to J; 
− p is index for student characteristics, and ranges from 1 to P. 
In practice, in order to fix the regression coefficient for U, an adjusted variable 
( )••−− UUSCI ijUjij β  was used as outcome in the model shown in Equation 9, where 
SCIij stands for the five TIMSS 2003 plausible values
14.   
In the last step of the sensitivity analysis, the estimated school type coefficient 
(γ01) was plotted against the pairs of conditional probabilities (π10, π11) in a 3-dimensional 
response surface that captured the extent of selection bias simulated for the data.  
The shape of the response surface, i.e., whether the surface was steep or shallow, 
indicated the sensitivity of the estimated parameter to the presence of the selection bias 
due to an unmeasured variable U. Two examples of possible response surfaces are given 
                                                 
14 The HLM plausible values settings was used. 
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in Figures 1 and 2 below. If the response surface will be steep (Figure 1), then the 
estimated school-type effect on science achievement is more sensitive to the presence of 
the unmeasured selection bias; on the other hand, in case of a shallow surface (Figure 2), 
the estimated school type effect is less sensitive to the presence of unmeasured selection 
bias. Unfortunately, other than a visual examination of the decline of each surface, there 
is no set criterion for deciding on a boundary. 
 
Figure 1: Example of a steep response surface 
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Figure 2: Example of a shallow response surface 
3.8. Concluding Remarks for Chapter 3 
This dissertation has developed models for science achievement and attitudes 
towards science for 8th -grade student attending either single-sex or coeducation schools 
in Hong Kong and New Zealand. In parallel, it proposes an approach to examine the 
sensitivity of the estimated effects of school-type on student outcomes to the presence of 
unmeasured variables. To properly account for the nested structure of data, an HLM 
model will be estimated for each sex, for each of the two jurisdictions at three different 
points in time, corresponding to the three TIMSS administrations, and the within – 
country results will be  compared to see if differences between single-sex and 
coeducation schools are consistent over time. The sensitivity of the estimated school type 
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effects to the presence of unmeasured selection bias will be analyzed using a 
modification of the method proposed by Rosenbaum and Rubin (1983). Based on its 
conditional distribution with an instrumental variable, chosen based on the information 
provided by the review of single-sex literature, the simulated values of the unobserved 
variable will be used as level-1 predictors in a one-way ANCOVA with random effects. 
The focus will be limited to modeling science achievement of girls with the dataset 
collected in Hong-Kong in TIMSS 2003. 
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4. RESULTS 
This chapter is divided into six sections. The first section presents, for each 
country, the percentages of students who responded at each category of the student 
predictor variables and the percentages of students whose school principals responded at 
each level of the school predictor variables. The second section addresses the first 
research question and presents the comparison for both science achievement and attitudes 
toward science between students from single-sex schools and students from coed schools, 
for each gender and country, across the three TIMSS cycles. In sections three and four, 
corresponding to the second and third research questions, results for each analysis 
indicate how the inclusion of specific student and school covariates influences the 
estimated difference in student outcomes between the two school-types. Notable results 
from the variance decomposition associated with each sequence of models are also 
presented. In response to question four, section five examines the relationships between 
specific student and school variables and both student outcomes, i.e., science 
achievement and attitudes toward science, based on the hierarchical linear model 
analyses. Finally, the last section presents the results of the sensitivity analysis of the 
estimated achievement differences of girls from Hong-Kong, in TIMSS 2003. 
4.1. Characteristics of New Zealand’s Sample 
TIMSS reports provide information about each country’s name for the grade 
tested and number of years of formal schooling that students attended until the time of the 
test, in each TIMSS administration (Martin & Kelly, 1996; Martin, Gregory & Stemler, 
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2000; Martin, Mullis & Chrostowski, 2004). As described in Chapter 3, in TIMSS 1995, 
the definition of the target population included both lower and upper grades, while in 
1999 and 2003 the definition changed to include upper grade students only. In New 
Zealand, most students started school as 5-year olds, so the “years of formal schooling” 
varied. Name for lower grade was Form 2 in all three TIMSS cycles, while the name for 
Upper Grade was Form 3 in 1995 and Year 9 in 1999 and 2003. The number of years of 
formal schooling including lower grade was 7.5 - 8.5; including upper grade was 8.5. - 
9.5 (Martin & Kelly, 1996; Martin, Gregory & Stemler, 2000; Martin, Mullis & 
Chrostowski, 2004). 
Table 4.1 below presents the population and sample size for New Zealand, in each 
of the three TIMSS cycles. In this table, the term “sample” refers to the number of cases 
included in the TIMSS study, and its size was considered representative for the size of the 
target population. 
Table 4.1: 
Target Population and Sample Sizes for Students and both Type of Schools from New 
Zealand in TIMSS 1995, 1999 and 2003 
 Target population size Sample size 
TIMSS Schools Students Schools Students 
1995 1,297 100,377 274 6,867 
1999 379 51,716 152 3,613 
2003 407 57,454 170 3,801 
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Note: The sources of these data were the international science reports for each cycle, i.e., 
Martin and Kelly (1996) for TIMSS 1995; Martin, Gregory and Stemler (2000) for 
TIMSS 1999; and Martin, Mullis and Chrostowski (2004) for TIMSS 2003. 
The difference in sample sizes between 1995 and the next two TIMSS cycles is 
explained by the change in the definition of the target population, i.e., both lower and 
upper grade students were targeted in 1995, while only upper grade students were 
targeted in subsequent TIMSS cycles. More details on this topic are available in TIMSS 
technical documentation.  
Students and schools used as sample sizes for each type of school from New 
Zealand, disaggregated by student sex, are presented in Table 4.2 below. As opposed to 
the Table 4.1 that presents data taken from the TIMSS reports, the term “sample” used in 
Table 4.2 refers to the actual number of students and/or schools (i.e. the sample sizes) 
used in this dissertation.  Information on the number of missing cases has also been 
included for students and schools. Student cases with missing values for student sex 
where deleted from the analysis. Schools in which all cases had missing data for student 
sex were deleted from the analysis.  
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Table 4.2: 
Student and School Sample Sizes by Sex and School-Type for New Zealand in TIMSS 
1995, 1999, and 2003 
TIMSS Sample size 
Coed 
schools 
Single-sex 
schools 
Total 
1995 
Schools 224 50 274 
Missing schools 0 
Boys 2788 767 3555 
Girls 2632 600 3232 
Total students 6787 
Missing students 80 (1%) 
1999 
Schools 103 49 152 
Missing schools 0 
Boys 1218 567 1785 
Girls 1179 620 1799 
Total students 3584 
Missing students 29 (0.8%) 
2003 
Schools 116 54 170 
Missing schools 0 
Boys 1322 523 1845 
Girls 1235 647 1882 
Total students 3727 
Missing students 74 (2%) 
 
The sample sizes in 1995 were twice as large as in subsequent administrations. 
Also, there were more students enrolled in coed schools than in single-sex schools for 
each gender. In 1995, the student sample for coed schools had almost four times more 
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students than the one for single-sex schools but the ratio is more balanced in 1999 and 
2003, about 2:1 in favor of coed schools.  
One school from TIMSS 1995 dataset had no responses to the questions related to 
attitudes toward science; consequently, one school was deleted from the analysis of the 
attitudes toward science outcome variable only.  
4.1.1. Characteristics of New Zealand’s Boys 
The primary outcome variable examined in this study is student achievement in 
science, as measured by students’ scores on the science portion of TIMSS assessment. As 
discussed in Chapter 3, science achievement was reported as five separate estimates of 
each student’s proficiency score, also known as plausible values (PV) in the TIMSS 
International Database. Table 4.3 below presents, for New Zealand’s boys only, the 
means (standard deviations) of the five PVs for each school-type, in TIMSS 1995, 1999 
and 2003 cycles. The value of each PV for each school-type for New Zealand’s boys are 
presented in Table B.1 in Appendix B 
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Table 4.3: 
Mean Science Scores (Standard Deviations) for New Zealand’s Boys in TIMSS 1995, 
1999, and 2003 
TIMSS 
Coed schools Single-sex schools 
Mean (SD) Mean (SD) 
1995 491 (98) 537 (86) 
1999 508 (95) 525 (96) 
2003 520 (76) 539 (74) 
 
The mean science achievement of boys from single-sex schools was larger than 
the mean science achievement of boys from coed schools, in all three TIMSS cycles. The 
achievement of boys in coed schools constantly increased between TIMSS 1995 and 
2003, while in single-sex schools, the achievement dropped from 537 in TIMSS 1995 to 
525 in TIMSS 1999 and rose again in 539 in TIMSS 2003. 
Table 4.4 below summarizes the percentages of boys at each level of the attitudes 
toward science index for New Zealand, for each type of school in all three TIMSS 
administrations. For an accurate comparison of the values presented in this table, it is 
important to remember that the questions used in the composition of the index of attitudes 
toward science changed in 2003 in comparison to previous cycles. Therefore, a 
comparison in attitudes toward science across cycles should be done with caution, as the 
construct measured varies across cycles. Instead of comparisons across cycles, the 
discussion has focused on comparisons between school-types, within each year.  
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Table 4.4: 
The Percentages of New Zealand’s Boys at Each Level of the Index of Attitudes toward 
Science in TIMSS 1995, 1999, and 2003 
TIMSS 
Attitudes 
toward science 
Coed 
schools 
Single-sex 
schools 
1995 
Low 15% 11% 
Medium 57% 52% 
High 29% 37% 
1999 
Low 15% 12% 
Medium 57% 52% 
High 29% 36% 
2003 
Low 18% 18% 
Medium 41% 38% 
High 41% 44% 
Boys’ attitudes toward science improved between 1995 and 2003 for both single-
sex and coed schools. While the percentage of boys with low levels of attitudes toward 
science was fairly constant across TIMSS cycles, the majority of boys reported medium 
levels of attitudes toward science in 1995 and 1999 as opposed to 2003, when larger 
percentages reported high levels of attitudes toward science. In both 1995 and 1999, 
larger percentages of boys from single-sex had high levels of attitudes toward science 
compared to boys in coed schools (37% from single-sex schools compared to 29% from 
coed schools in 1995 and 36% from single-sex schools compared to 29% from coed 
schools in 1999). The percentages of boys from both type of schools reporting at the high 
level of attitudes toward science was almost the same in 2003 (44% from single-sex 
schools and 41% from coed schools). 
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As mentioned in Chapter 3, some of the background variables from TIMSS 
international database were categorical, such as parental education or index of availability 
of school resources for science instruction, while others were composites created for this 
study as continuous variables. For the categorical variables, the tables discussed in the 
next paragraphs present the percentages of students who responded at each category of 
the student predictor variables, as well as the percentages of students whose school 
principals responded at each level of the school predictor variables. For the continuous 
variables, means and standard deviations are presented. Table 4.5 below shows the 
distribution of student background characteristics used as predictors in the analyses for 
New Zealand’s boys.  
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Table 4.5: 
Distribution of Student Predictor Variables by School-Type for New Zealand’s Boys 
 TIMSS 1995 TIMSS 1999 TIMSS 2003 
Variable name 
Coed 
school 
Single-
sex 
school 
Coed 
school 
Single-
sex 
school 
Coed 
school 
Single-
sex 
school 
Parental Education 
Finished Less High-School 35% 29% 40% 33% 
Missing 
values 
50% 
Missing 
values 
46% 
Finished High-School 42% 40% 35% 34% 
Finished University 23% 31% 25% 33% 
No. Books 
One Bookcase  
(<100 Books) 
35% 24% 46% 40% 56% 54% 
Two Bookcases  
(101-200 Books) 
24% 26% 23% 25% 21% 20% 
Three Bookcases  
(>200 Books) 
42% 50% 31% 35% 23% 26% 
Home Possessions (Computer, Etc.)
a
 
No 40% 30% 36% 26% 
0.90 
(0.18) 
0.94 
(0.14) 
Yes 60% 70% 64% 74% 
Academic Pressure 
3.11 
(0.54) 
3.24 
(0.49) 
3.15 
(0.53) 
3.24 
(0.48) 
n/a n/a 
Self-Confidence In Learning Science 
Low n/a n/a 19% 12% 14% 15% 
Medium n/a n/a 48% 49% 41% 43% 
High n/a n/a 33% 39% 45% 42% 
Note: For continuous variables, means (standard deviations) were presented. aIn TIMSS 
2003, since ‘home possessions’ was not reported in TIMSS as a derived variable (index), 
it was computed as a composite score from the same questions as previous cycles.  
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In TIMSS 1995 and 1999, more boys enrolled in single-sex schools had parents 
with university education than boys in coed schools. For TIMSS 2003, more than half of 
cases had missing data (i.e., 50% for coed schools, and 46% for single-sex schools); 
therefore the variable corresponding to parental education was not included in the models 
for New Zealand boys in 2003.  
Larger percentages of boys from single-sex schools than from coed schools had 
more than 200 books in their homes in 1995 and 1999 (50% boys from single-sex schools 
compared to 42% from coed schools in 1995; 35% from single-sex schools versus 31% 
from coed schools in 1999). However, in 2003, the majority of boys from both school-
types had fewer than 100 books at home. On the other hand, between 1995 and 200315 
there was an increase in the number of home possessions for boys from both school-
types. Also, in each TIMSS assessments, more boys from single-sex schools than coed 
schools reported having educational resources at home (i.e., 70% boys from single-sex 
schools compared to 60% from coed schools in 1995; 74% from single-sex compared to 
64% from coed in 1999; and M = 0.94 (SD = 0.14) from single-sex compared to M = 
0.90 (SD = 0.18) from coed in 2003). The trends in the two variables related to family 
resources, i.e., the number of books and the availability of home possessions, may seem 
contradictory. However, it is possible that, between 1995 and 2003, as technology 
became more widespread and affordable, more families from New Zealand opted for 
                                                 
15 The TIMSS 2003 international database did not include an index of home possessions, but the questions 
selected for its calculation in TIMSS 1995 and 1999 were also included in 2003. Hence, for this study, the 
average of the corresponding variables was computed and used as a continuous variable ranging from 0 to 
1. 
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electronic resources instead of books. Hence, the distribution of these variables may not 
indicate a decrease in home wealth but rather a tendency of families to provide more 
technology-based educational resources to their children.  
There were no marked differences in the amount of academic pressure reported by 
New Zealand’s boys in 1995 or 1999. As discussed in Chapter 3, the questions used in 
the computation of academic pressure composite were not included in TIMSS 2003.  
New Zealand’s boys from both school-types reported similar levels of self-
confidence in learning science in 1999 and 2003, although there were slightly more boys 
at the high level of the index in 2003. The questions selected for this index were not 
included in TIMSS 1995’s questionnaires.  
4.1.2. Characteristics of New Zealand’s Girls 
Just as in the case of boys, Table 4.6 below presents, for New Zealand’s girls 
only, the means (standard deviations) of the five plausible values for each school-type, 
while values for each PV were presented in Table B.2 in Appendix B.  
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Table 4.6: 
Mean Science Scores (Standard Deviations) for New Zealand’s Girls in TIMSS 1995, 
1999, and 2003 
TIMSS 
Coed Schools Single-sex schools 
Mean (SD) Mean (SD) 
1995 475 (90) 496 (81) 
1999 493 (86) 532 (92) 
2003 510 (75) 525 (66) 
 
The mean science achievement of girls from single-sex schools was larger than 
the mean science achievement of girls from coed schools, in all three TIMSS cycles. The 
science achievement of girls in coed schools had constantly increased between TIMSS 
1995 and 2003. However, the science achievement of girls in single-sex schools had 
increased by 36 points between 1995 (496) and 1999 (532) but decreased by 8 points in 
2003 (525). This is a different trend from what was observed for the achievement of boys 
in New Zealand.  
Table 4.7 below summarizes the percentages of girls at each level of the attitudes 
toward science index for New Zealand, for each type of school in all three TIMSS cycles.  
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Table 4.7: 
The Percentages of New Zealand’s Girls at Each Level of the Index of Attitudes Toward 
Science in TIMSS 1995, 1999, and 2003 
TIMSS 
Attitudes 
toward science 
Coed 
schools 
Single-sex 
schools 
1995 
Low 19% 19% 
Medium 59% 58% 
High 22% 24% 
1999 
Low 20% 15% 
Medium 58% 57% 
High 22% 28% 
2003 
Low 22% 23% 
Medium 43% 38% 
High 35% 39% 
 
Similar to New Zealand’s boys, the attitudes toward science of New Zealand’s 
girls increased between 1995 and 2003 from medium to high. The distribution of girls 
reporting at all three levels of the attitudes toward science index was the same in 1995 
and 1999 for both school-types. In 2003, there was an increase in the number of girls that 
reported high level of attitudes toward science in both school-types. Within school-types 
though, the trend remained constant for coed schools, with still more girls reporting 
medium levels (43%) than high level (35%) of attitudes toward science. The trend 
changed for single-sex schools, though, where fewer girls had medium levels of attitudes 
toward science than those with high levels.  The increase in percentages of girls with high 
level of attitudes toward science between 1995 and 2003 was larger for girls from single-
  133
sex schools (from 24% in 1995 to 39% in 2003) than for girls from coed schools (from 
22% in 1995 to 35% in 2003). It is important to note that the questions used in the 
composition of the index of attitudes toward science changed in 2003 in comparison to 
previous cycles. Therefore, a comparison in attitudes toward science across cycles should 
be done with caution, as the construct measured varies across cycles. 
Table 4.8 below summarizes the distribution of student background characteristics 
used as predictors in the analyses for New Zealand’s girls. 
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Table 4.8: 
Distribution of Student Predictor Variables by School-Type for New Zealand’s Girls 
 TIMSS 1995 TIMSS 1999 TIMSS 2003 
Variable name 
Coed 
school 
Single-
sex 
school 
Coed 
school 
Single-
sex 
school 
Coed 
school 
Single-
sex 
school 
Parental Education 
Finished Less High-School 37% 40% 40% 28% 
Missing 
values 
47% 
Missing 
Values 
39% 
Finished High-School 40% 31% 37% 34% 
Finished University 23% 29% 23% 38% 
No. Books 
One Bookcase  
(<100 Books) 
36% 27% 47% 33% 53% 52% 
Two Bookcases  
(101-200 Books) 
25% 34% 24% 37% 21% 23% 
Three Bookcases  
(>200 Books) 
39% 39% 29% 40% 26% 25% 
Home Possessions (Computer, Etc.)
a 
No 51% 36.5% 38% 22% 0.91 
(0.15) 
0.95 
(0.12) Yes 49% 63.5% 62% 78% 
Academic Pressure 
3.07 
(0.50) 
3.12 
(0.52) 
3.15 
(0.53) 
3.17 
(0.48) 
n/a n/a 
Self-Confidence In Learning Science 
Low n/a n/a 20% 21% 23% 21% 
Medium n/a n/a 53% 45% 41% 41% 
High n/a n/a 27% 34% 36% 38% 
Note: For continuous variables, means (standard deviations) were presented. aIn TIMSS 
2003, since ‘home possessions’ was not reported in TIMSS as a derived variable (index), 
it was computed as a composite score from the same questions as previous cycles. 
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TIMSS 1995 data indicate that the distribution of parental education was similar 
for New Zealand’s girls from both school-types. However, in 1999, more girls enrolled in 
single-sex schools had parents with university education for than those in coed schools; 
for the latter, the distribution of parental education remained the same as in 1995. Similar 
to New Zealand’s boys, almost half of cases of girls had missing data in TIMSS 2003 
(i.e., 47% for coed schools, and 39% for single-sex schools) and, therefore, parental 
education variable was not included in the models for New Zealand’s girls in TIMSS 
2003. 
Larger percentages of girls from single-sex schools than from coed schools had 
between 100 and 200 books in their homes in 1995 (i.e., 34% girls from single-sex 
compared to 25% in coed), but the same percentages of girls from both school-types had 
more than 200 books (39%). In 1999, a larger percentage of girls from single-sex schools 
reported more than 200 books at home (40%) compared to 29% from coed schools. On 
the other hand, the percentage of girls with less than 100 books increased for both school-
types, reaching the majority for both school-types in 2003. Similar to New Zealand’s 
boys, between 1995 and 2003 there was an increase in home possessions for girls from 
both school-types. Also, in each TIMSS assessment, there were more students from 
single-sex schools than coed schools that reported having educational resources at home 
(i.e., 64% girls from single-sex schools compared to 49% from coed schools in 1995; 
78% from single-sex compared to 62% from coed in 1999; and M = 0.95 (SD = 0.12) 
from single-sex compared to M = 0.91 (SD = 0.15) from coed in 2003). As mentioned in 
the section describing New Zealand’s boys, the trends in the distribution of home 
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resources variables’ between 1995 and 2003 indicates a tendency of New Zealand’s 
families towards more technology-based resources instead of books. 
There were no notable differences in the amount of academic pressure reported by 
New Zealand’s girls in 1995 or 1999. As discussed in Chapter 3, the questions used in the 
computation of academic pressure composite were not included in TIMSS 2003. 
Majority of girls from coed schools reported a medium level of the index of self-
confidence in learning science in 1999, while the proportions of girls at each the medium 
and high levels of the index were more equal for girls from single-sex schools. In 2003, 
girls from both school-types reported similar levels of confidence in learning science. 
4.1.3. Characteristics of New Zealand’s Schools 
As shown in Table 4.9 below, in New Zealand, less than 10% of schools from 
both school-types reported low levels of the index of availability of school resources. 
Twice as many principals of coed schools than of single-sex schools reported high level 
of resources in 1995. For single-sex schools, there was an increase in percentages of 
principals reporting high level of schools resources, i.e., from 12% in 1995 to almost four 
times more (43%) in 1999, and to 59% in 2003. The percentages of coed schools with 
high resources remained fairly constant between 1995 and 1999 (28% in both years) but 
increased to 46% in 2003. As the composition of the index remained constant across 
TIMSS cycles, these results suggest a substantial increase in availability of school 
resources in New Zealand from 1995 to 2003, and the increase was larger for single-sex 
schools.  
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In 1995, the index of good school was created for this study a composite score, 
with lower values indicating more discipline problems in the school, and higher values, 
corresponding to fewer problems. As shown in Table 4.9 below, in 1995, principals from 
both school-types reported having to deal with a significant number of behavioral 
problems; with slightly more incidents reported in coed schools (M = 1.96, SD = 1.10) 
compared to single-sex schools (M = 2.39, SD = 1.18). In TIMSS 1999 and 2003, there 
was a big difference in the percentages of principals from coed schools reporting 
problems than from single-sex schools, as follows: in 1999, 21% of principals in coed 
schools reported more problems compared to only 6% from single-sex schools; in 2003, 
the difference increased to 31% principals from coed schools compared to 6% from 
single-sex schools. Conversely, only 11% and 10% of principals from coed schools 
reported infrequent problems in 1999 and 2003, respectively, as opposed to 18% and 
22% from single-sex schools in 1999 and 2003, respectively. These results suggest that in 
New Zealand, according to school principals, discipline and behavioral problems 
occurred more often in coed than in single-sex schools. 
The values of the composite for school admission policies ranged from 0 to 1, 
with lower values indicating fewer policies and higher values indicating more policies 
used in the process of admitting students to school. In New Zealand, in both 1995 and 
1999, slightly more single-sex than coed schools seemed to use admission policies (1995: 
M = 0.32, SD = 0.20 for single-sex schools compared to M = 0.16, SD = 0.12 for coed 
schools; in 1999: M = 0.36, SD = 0.26 for single-sex schools compared to M = 0.24, SD 
= 0.18 for coed schools). 
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The majority of principals from both school-types expected parents to volunteer 
for school projects and programs, in both 1999 and 2003. In terms of participation in 
school committees, in 1999, the majority of principals from both school-types did not 
expect parents to serve on school committees, i.e., 81% of coed schools and 84% of 
single-sex schools. However, the opposite trend was observed in 2003, when majority of 
principals from both school-types expected parents to serve on school committees, i.e., 
73% principals from coed schools and 85% from single-sex schools. 
Table 4.9 below presents the distribution of the background characteristics of 
New Zealand’s schools, broken down by school-type in all three TIMSS cycles. 
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Table 4.9: 
Distribution of School Characteristics by School-Type for New Zealand’s Schools 
 TIMSS 1995 TIMSS 1999 TIMSS 2003 
Variable name 
Coed 
school 
Single-
sex 
school 
Coed 
school 
Single-
sex 
school 
Coed 
school 
Single-
sex 
school 
Index of Availability of School Resources
a 
Low 6% 8% 1% 2% 3% 0% 
Medium 67% 80% 71% 55% 51% 41% 
High 28% 12% 28% 43% 46% 59% 
Index of School Climate
b 
Low 
1.96 
(1.10) 
2.39 
(1.18) 
21% 6% 31% 6% 
Medium 68% 76% 59% 72% 
High 11% 18% 10% 22% 
School Admission 
Policies 
0.16 
(0.12) 
0.32 
(0.20) 
0.24 
(0.18) 
0.36 
(0.26) 
n/a n/a 
Parents As Volunteers 
No n/a n/a 22% 22% 27% 18% 
Yes n/a n/a 78% 78% 73% 82% 
Parents In School Committees 
No n/a n/a 81% 84% 27% 15% 
Yes n/a n/a 19% 16% 73% 85% 
Note: For continuous variables, means (standard deviations) were presented. aDue to the 
low percentages, for the analyses, categories low and medium of the school resources 
index were combined in all three TIMSS cycles. bIn TIMSS 1995 only, the indicator of 
school climate was computed as continuous variable with lower values representing 
frequent discipline problems and higher values representing less frequent problems. 
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4.2. Characteristics of Hong Kong’s Sample 
According to TIMSS international reports, in Hong Kong, the name for lower 
grade was Secondary 1, while the name for upper grade was Secondary 2. Also, the 
number of years of formal schooling including lower grade was 7; including upper grade 
was 8 (Martin & Kelly, 1996; Martin, Gregory & Stemler, 2000; Martin, Mullis & 
Chrostowski, 2004). 
Table 4.10 below presents the population and sample size for Hong Kong in each 
of the three TIMSS cycles included in this study.  
Table 4.10: 
Target Population and Sample Sizes for Students and Schools from Hong Kong in TIMSS 
1995, 1999 and 2003 
 Target population size Sample size 
TIMSS Schools Students Schools Students 
1995 392 172,806 86 6,752 
1999 408 79,397 137 5,179 
2003 423 84,898 125 4,972 
Note: The sources of these data were the international science reports for each cycle, i.e., 
Martin and Kelly (1996) for TIMSS 1995; Martin, Gregory and Stemler (2000) for 
TIMSS 1999; and Martin, Mullis and Chrostowski (2004) for TIMSS 2003. 
Hong Kong sampled two classes per school for participation in TIMSS 1995 and 
only one class per school in subsequent years, hence the apparent discrepancies in the 
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table below between the school samples sizes between 1995 and 1999 and 2003, 
respectively. Examining the dataset for Hong Kong in TIMSS 1995 revealed that, in 
some schools, both classes were same-sex, while in others, one class was same-sex and 
the other had both boys and girls. Some scholars suggest that the academic culture of 
schools where the entire building is same-sex (i.e., all-girls or all-boys schools) may be 
significantly different from that of schools where same-sex classes of both genders 
coexist in the same building (Riordan, 2002). Consequently, in this study, for TIMSS 
1995 only, the indicator of school-type was coded with three instead of two categories, 
i.e., coed schools, single-sex schools, and coed schools with single-sex classes. 
Students and school sample sizes from Hong Kong broken down by student sex 
and type of school are presented in Table 4.11 below.   
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Table 4.11: 
Student and School Sample Sizes by Sex and School-Type for Hong Kong Samples in 
TIMSS 1995, 1999, and 2003 
TIMSS Sample 
Coed 
schools 
Single-sex 
schools 
Coed school 
w/single-sex 
class 
Total 
1995 
Schools 54 11 13 78 
Missing schools 8 (9%) 
Boys 2384 628 710 3722 
Girls 2318 383 296 2997 
Total students 6719 
Missing students 33 (0.4%) 
1999 
Schools 95 30 - 125 
Missing schools 12 (9%) 
Boys 1962 613 - 2575 
Girls 1819 704 - 2523 
Total students 5098 
Missing students 81 (2%) 
2003 
Schools 94 25 - 119 
Missing schools 6 (5%) 
Boys 1982 469 - 2451 
Girls 1883 615 - 2498 
Total students 4949 
Missing students 23 (0.5%) 
 
Student samples sizes for Hong Kong in TIMSS 1995, 1999 and 2003 were 
smaller than the values reported in TIMSS international reports (and, also, in the Table 
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4.10 above), because students with missing values for the sex variable where deleted 
from the analysis. Schools in which all cases had missing data for the sex variable were 
deleted from the analysis. This resulted in a loss of 8 schools in TIMSS 1995, 12 schools 
in 1999 and 6 schools in 2003. In addition, all students from an entire school in TIMSS 
1995 dataset had no responses to the questions related to attitudes toward science; 
consequently, the school was deleted from the analysis of the attitudes toward science 
outcome variable.  The schools sample size for Hong Kong’s in TIMSS 1995 was low for 
multilevel modeling (i.e., 78 schools) and, therefore, it is possible that some results may 
not be very accurate. 
4.2.1. Characteristics of Hong Kong’s Boys 
Just like in the case of New Zealand, Table 4.12 below presents, for Hong Kong’s 
boys only, the means (standard deviations) of the five plausible values for each school-
type, while values for each PV were presented in Table B.3 in Appendix B. 
Boys from single-sex schools had the highest achievement compared to their 
counterparts in coed schools in TIMSS 1995 and 2003. The reverse was true for TIMSS 
1999, when boys from coed (M = 540.16, SD = 68.69) outperformed boys in single-sex 
schools with 10 score points (M = 530.79, SD = 84.19). 
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Table 4.12: 
Mean Science Scores (Standard Deviations) for Hong Kong’s Boys in TIMSS 1995, 1999, 
and 2003 
TIMSS 
Coed schools 
Single-sex 
schools 
Coed schools 
with single-sex 
classes 
Mean  (SD) Mean  (SD) Mean  (SD) 
1995 508 (81) 520 (85) 500 (107) 
1999 540 (69) 531 (84) - 
2003 558 (70) 574 (52) - 
 
Table 4.13 below summarizes the percentages of boys at each level of the 
attitudes toward science index for Hong Kong, for each type of school in all three TIMSS 
administrations. Boys’ attitudes toward science was constant between 1995 and 1999 but 
improved from 1999 to 2003 for both single-sex and coed schools. While the percentage 
of boys with low attitudes toward science decreased across TIMSS cycles, the majority of 
boys reported medium levels of attitudes toward science in 1995 and 1999. In 2003 
though, the same percentages of boys reported medium and high levels of attitudes 
toward science in both types of schools. In both 1995 and 1999, slightly more boys from 
single-sex had high levels of attitudes toward science compared to boys in coed schools 
(27% from single-sex schools compared to 25% from coed schools in 1995 and 34% 
from single-sex schools in compared to 30% from coed schools in 1999). The 
percentages of boys from both type of schools reporting at the high level of attitudes 
toward science was almost the same though in 2003 (45%).  
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Table 4.13: 
The Percentages of Hong Kong’s Boys at Each Level of the Index of Attitudes toward 
Science in TIMSS 1995, 1999, and 2003 
TIMSS 
Attitudes 
toward 
science 
Coed 
schools 
Single-sex 
schools 
Coed school 
w/single-sex 
class 
1995 
Low 11% 12% 9% 
Medium 64% 61% 62% 
High 25% 27% 29% 
1999 
Low 7% 7%  
Medium 63% 59%  
High 30% 34%  
2003 
Low 8% 8%  
Medium 47% 47%  
High 45% 45%  
 
Table 4.14 below shows the distribution of student background characteristics 
used as predictors in the analyses for boys from Hong Kong.  
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Table 4.14: 
Distribution of Student Predictor Variables by School-Type for Hong Kong’s Boys 
 TIMSS 1995 TIMSS 1999 TIMSS 2003 
Variable name 
Coed 
school 
Single
-sex 
school 
Coed 
school 
w/single-
sex class 
Coed 
school 
Single
-sex 
school 
Coed 
school 
Single
-sex 
school 
Parental Education 
Finished Less High-
School 
64% 63% 54% 55% 47% 37% 20% 
Finished High-School 29% 30% 29% 38% 38% 55% 56% 
Finished University 7% 7% 17% 7% 13% 8% 24% 
No. Books 
One Bookcase  
(<100 Books) 
79% 78% 67% 81% 72% 84% 74% 
Two Bookcases  
(101-200 Books) 
10% 11% 13% 10% 14% 8% 11% 
Three Bookcases  
(>200 Books) 
11% 11% 20% 8% 14% 8% 15% 
Home Possessions (Computer, Etc.)
a 
No 68% 65% 56% 41% 37% 0.96 
(0.44) 
0.98 
(0.26) Yes 32% 35% 44% 59% 63% 
Academic Pressure 
3.10 
(0.54) 
3.09 
(0.56) 
3.11 
(0.54) 
2.97 
(0.53) 
3.03 
(0.54) 
n/a n/a 
Self-Confidence In Learning Science 
Low n/a n/a n/a 20% 19% 16% 15% 
Medium n/a n/a n/a 57% 55% 46% 45% 
High n/a n/a n/a 23% 27% 38% 40% 
Note: For continuous variables, means (standard deviations) were presented. aIn TIMSS 
2003, since ‘home possessions’ was not reported in TIMSS as a derived variable (index), 
it was computed as a composite score from the same questions as previous cycles. 
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In 1995, the distribution of the parental education variable was very similar for 
boys from single-sex and coed schools in Hong Kong. In 1999, the percentage of boys 
from single-sex that reported having parents with university degrees was twice as large as 
in coed schools, while the ratio was even bigger, i.e., three times more, in TIMSS 2003. 
Therefore, the discrepancy between the level of education of parents of students in single-
sex schools and coed schools in Hong Kong became increasingly larger between TIMSS 
1995 and TIMSS 2003. As discussed later in this chapter, as well as in Chapter 5, as 
parents became more educated, the likelihood of selection bias associated with school 
choice may also have increased.  
Larger percentages of boys from single-sex classes housed in coed schools had 
more than 200 books at home in 1995 (20% boys from single-sex classes in coed schools 
compared to 11% from single-sex schools and 11% from coed schools). However, 
majority of boys from both school-types reported less than 100 books at home in 1999 
and 2003. On the other hand, there was an increase in the number of possessions at home 
for boys from both school-types between 1995 and 200316. Also, in each TIMSS cycle, 
more boys from single-sex than coed schools reported having educational resources at 
home (i.e., 44% boys from single-sex classes housed in coed schools compared to 32% in 
coed and 35% in single-sex schools in 1995; 63% from single-sex compared to 59% from 
coed in 1999; and M = 0.98 (SD = 0.26) from single-sex compared to M = 0.96 (SD = 
                                                 
16 The reader is reminded that the TIMSS 2003 international database did not include an index of home 
possessions, but the questions selected for its calculation in TIMSS 1995 and 1999 were also included in 
2003. Hence, a composite score was computed as the average o f the corresponding variables and treated as 
a continuous variable ranging from 0 to 1. 
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0.44) from coed in 2003). These results suggest that, similar to New Zealand, families in 
Hong Kong have also opted for more technology-based educational resources instead of 
books for their children; nevertheless, the tendency was less pronounced than in New 
Zealand.  
There were no notable differences between school-types in the amount of 
academic pressure reported by Hong Kong’s boys in 1995 or 1999. As discussed in 
Chapter 3, the questions used in the computation of academic pressure composite were 
not included in TIMSS 2003  
Boys from both school-types reported similar levels of self-confidence in learning 
science in 1999 and 2003, although there were slightly more boys at the high level of the 
index in 2003. 
4.2.2. Characteristics of Hong Kong’s Girls 
Just like in the case of boys, Table 4.15 below presents, for Hong Kong’s girls 
only, the means (standard deviations) of the five plausible values for each school-type 
while values for each PV were presented in Table B.4 in Appendix B.  
  
  149
Table 4.15: 
Mean Science Scores (Standard Deviations) for Hong Kong’s Girls in TIMSS 1995, 1999, 
and 2003 
TIMSS 
Coed schools 
Single-sex 
schools 
Coed school 
with single-sex 
class 
Mean (SD) Mean (SD) Mean (SD) 
1995 482 (79) 497 (80) 470 (84) 
1999 520 (62) 529 (68) - 
2003 542 (64) 585 (45) - 
 
In Hong Kong, the mean science achievement of girls from single-sex schools 
was larger than the mean achievement of girls from coed schools, in all three TIMSS 
cycles. The achievement of girls from both types of schools had constantly increased 
between TIMSS 1995 and 2003. In 1995, the mean science scores for girls in single-sex 
classes housed in coed schools were smaller than the achievement of girls from coed and 
single-sex schools. It is interesting to note that, in TIMSS 2003, girls in single-sex 
schools outperformed girls in coed schools by 43 score points. This is the largest score 
difference between school-types, in favor of single-sex schools, observed in the current 
study. 
Although comparison between boys and girls is beyond the scope of this study, it 
may be worthy to mention that, in case of Hong Kong’s results from TIMSS 2003, it is 
the first time we observe that, within the same school-type (i.e., single-sex), boys’ 
average science achievement score (M = 574) was lower than girls’ (M = 585). As it will 
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be discussed shortly in this section, in TIMSS 2003 a larger percentage of girls from 
single-sex schools than coed schools reported high levels of attitudes toward science. 
Table 4.16 below summarizes the percentages of girls at each level of the attitudes 
toward science index for Hong Kong for each type of school in all three TIMSS 
administrations.  
Table 4.16: 
The Percentages of Hong Kong’s Girls at Each Level of the Index of Attitudes toward 
Science in TIMSS 1995, 1999, and 2003 
TIMSS 
Attitudes 
toward science 
Coed 
schools 
Single-sex 
schools 
Coed school with 
single-sex class 
1995 
Low 16% 12% 14% 
Medium 70% 73% 70% 
High 14% 15% 16% 
1999 
Low 12% 9% - 
Medium 70% 67% - 
High 18% 24% - 
2003 
Low 10% 7% - 
Medium 59% 48% - 
High 31% 45% - 
 
The percentages of girls reporting at each level of the attitudes toward science 
index were very similar for both school-types in 1995 and 1999. In both years, the 
majority of girls from both types of schools reported at the medium level of the attitudes 
toward science index (coed: 70% in both years; single-sex: 73% in 1995, 67% in 1999). 
For coed schools, there was an increase in the number of girls that reported high level of 
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attitudes toward science in 2003, but still more girls reported medium levels (59%) than 
high level (31%) of attitudes toward science. However, girls in single-sex schools had a 
big increase in their attitudes toward science between 1999 and 2003. While only 24% of 
girls from single-sex schools reported a high level of attitudes toward science in 1999, 
this percentage increased to 45% in TIMSS 2003. As mentioned before, the trends in 
attitudes toward science across TIMSS cycles should be done with caution, since the 
questions used in the composition of the index of attitudes toward science changed in 
2003 compared to previous cycles.  
Table 4.17 below shows the distribution of student background characteristics 
used as predictors in the analyses for girls from Hong Kong.  
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Table 4.17: 
Distribution of Student Predictor Variables by School-Type for Hong Kong’s Girls 
 TIMSS 1995 TIMSS 1999 TIMSS 2003 
Variable name 
Coed 
school 
Single-
sex 
school 
Coed 
school 
w/single-
sex class 
Coed 
school 
Single-
sex 
school 
Coed 
school 
Single-
sex 
school 
Parental Education 
Finished Less High-
School 
64% 65% 52% 54% 45% 40% 45% 
Finished High-School 30% 30% 35% 41% 43% 53% 50% 
Finished University 6% 5% 13% 5% 12% 7% 25% 
No. Books 
One Bookcase  
(<100 Books) 
83% 85% 81% 88% 79% 86% 70% 
Two Bookcases  
(101-200 Books) 
9% 7% 11% 7% 11% 7% 14% 
Three Bookcases 
(>200 Books) 
7% 8% 8% 5% 10% 7% 16% 
Home Possessions (Computer, Etc.)
a  
No 72% 68% 60% 45% 40% 0.96 
(0.41) 
0.98 
(0.18) Yes 28% 32% 40% 55% 60% 
Academic Pressure 
3.09 
(0.51) 
3.16 
(0.50) 
3.10 (0.48) 
2.91 
(0.51) 
3.00 
(0.52) 
n/a n/a 
Self-Confidence In Learning Science 
Low n/a n/a n/a 22% 24% 26% 26% 
Medium n/a n/a n/a 63% 58% 52% 39% 
High n/a n/a n/a 15% 18% 22% 35% 
Note: For continuous variables, means (standard deviations) were presented. aIn TIMSS 
2003, since ‘home possessions’ was not reported in TIMSS as a derived variable (index), 
it was computed as a composite score from the same questions as previous cycles. 
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In TIMSS 1995, the distribution of parental education was very similar for Hong 
Kong’s girls from single-sex and coed schools. The percentage of girls from single-sex 
classes housed in coed schools whose parents finished university was twice as big as the 
percentage of girls from single-sex and coed schools. In 1999, twice more girls from 
single-sex than coed schools reported having parents with university education, while the 
difference was even bigger, i.e., three times more, in TIMSS 2003. Therefore, the 
discrepancy between the level of education of parents of students in single-sex schools 
and coed schools in Hong Kong became increasingly larger between TIMSS 1995 and 
2003. As discussed later in this chapter, as well as Chapter 5, as parents became more 
educated, the likelihood of selection bias associated with school choice may have 
increased. 
Similar percentages of girls from all three school-types had more than 200 books 
in their homes in 1995 (8% girls from single-sex classes in coed schools compared to 8% 
from single-sex schools and 7% from coed schools). However, in 1999 and 2003, for 
both single-sex and coed school-type, the majority of girls reported less than 100 books at 
home. On the other hand, there was an increase in the number of home possessions for 
girls from both school-types between 1995 and 2003. Also, in each TIMSS cycle, more 
girls from single-sex schools than coed schools reported having educational resources at 
home (i.e., 40% girls from single-sex classes housed in coed schools compared to 32% in 
single-sex schools and 28% in coed in 1995; 60% from single-sex compared to 55% from 
coed in 1999; and M = 0.98 (SD = 0.18) from single-sex compared to M = 0.96 (SD = 
0.41) from coed in 2003). Similar to New Zealand, families in Hong Kong seemed to 
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have also opted for more technology-based educational resources instead of books for 
their children, but the tendency was less pronounced than in New Zealand. 
There were no notable differences between school-types in the amount of 
academic pressure reported by Hong Kong’s girls in 1995 or 1999. As discussed in 
Chapter 3, the questions used in the computation of academic pressure composite were 
not included in TIMSS 2003. 
Girls from both school-types reported similar levels of self-confidence in learning 
science in 1999. However, in TIMSS 2003, more girls from single-sex schools (35%) 
reported a high level of self-confidence compared to their counterparts in coed schools 
(22%). 
4.2.2.1. Characteristics of Hong Kong’s Schools 
Due to Hong Kong’s decision to sample two instead of one class per school in 
TIMSS 1995, in some schools, both classes were same-sex, while in others, one class was 
same-sex and the other had both boys and girls. Consequently, in this study, for TIMSS 
1995 only, the indicator of school-type was coded with three instead of two categories, 
i.e., coed schools, single-sex schools and coed schools with single-sex classes.  
Table 4.18 below presents, for each type of school and in all three TIMSS cycles, 
the distribution of the background characteristics of Hong Kong’s schools used as 
contextual variables in the second level of the HLM.  
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Table 4.18: 
Distribution of School Characteristics by School-Type Hong Kong’s Schools 
 TIMSS 1995 TIMSS 1999 TIMSS 2003 
Variable name 
Coed 
schools 
Single-
sex 
schools 
Coed 
school 
with 
single-
sex class 
Coed 
schools 
Single-
sex 
schools 
Coed 
schools 
Single-
sex 
schools 
Index Of School Resources
a 
Low 4% 9% 8% 8% 7% 1% 4% 
Medium  78% 73% 54% 80% 53% 34% 16% 
High 18% 18% 38% 12% 40% 65% 80% 
Index of School Climate
b,c  
Low 
2.24 
(0.95) 
2.73 
(1.16) 
2.96 
(1.08) 
4% 13% 3% 4% 
Medium 74% 60% 75% 60% 
High 22% 27% 22% 36% 
School Admission 
Policies 
n/a n/a n/a 
0.39 
(0.22) 
0.53 
(0.16) 
n/a n/a 
Parents As Volunteers 
No n/a n/a n/a 23% 20% 10% 12% 
Yes n/a n/a n/a 77% 80% 90% 88% 
Parents In School  Committees 
No n/a n/a n/a 83% 70% 50% 64% 
Yes n/a n/a n/a 17% 30% 50% 36% 
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Note: For continuous variables, means (standard deviations) were presented. aIn TIMSS 
2003 only, categories low and medium of the school resources index were combined. bIn 
TIMSS 1995 only, the indicator of school climate was computed as continuous variable 
with lower values representing frequent problems and higher values representing less 
frequent problems. cIn TIMSS 1999 and 2003, categories low and medium of the 
indicator of school climate were combined. 
In TIMSS 1995, from all three types of schools, very few schools reported low 
availability of school resources for science instruction. However, twice as many 
principals of coed schools with single-sex classes (38%) reported high resources in their 
schools compared to either single-sex or coed schools (18% for the latter two school-
types). Across the three TIMSS cycles, increasingly more principals in single-sex schools 
reported high level of resources, i.e., from 18% in 1995 to 40%in 1999, and to 80% in 
2003. Similar percentages of coed schools had high resources in 1995 and 1999 (18% in 
1995; 12% in 1999) and increased to 65% in 2003. As the composition of the index 
remained constant across TIMSS cycles, these results suggest a big increase in 
availability of school resources in Hong Kong from 1995 to 2003, and the increase was 
more pronounced for single-sex schools. 
In 1995, the index of good school was a composite score, with lower values 
indicating more discipline problems in the school, and higher values, fewer problems. As 
shown in Table 4.18, in 1995, principals from all three school-types reported having to 
deal with a significant number of behavioral problems; with slightly more incidents 
reported in coed schools (M = 2.24, SD =  0.95) compared to single-sex schools (M = 
  157
2.73, SD = 1.16) and coed schools with single-sex classes (M = 2.96, SD = 1.08). In 
1999, the distribution of percentages of principals from single-sex and coed schools was 
very similar across the levels of the index of good school. However, in TIMSS 2003, a 
larger percentage of principals from single-sex schools (36% at high level of the index) 
reported that their schools were good compared to principals from coed schools (22%). 
These results suggest that, in Hong Kong in 2003, more coed schools had to deal with 
discipline and behavioral problems compared to single-sex schools. 
In Hong Kong, variables incorporated in the indicator for school admission 
policies created for this study were measured only in TIMSS 1999; the values of this 
indicator ranged from 0 to 1, with lower values indicating fewer policies and higher 
values indicating more policies. More single-sex than coed schools seemed to reinforce 
admission policies in 1999 (M = 0.53, SD = 0.16 for single-sex schools compared to M = 
0.39, SD = 0.22 for coed schools). 
The majority of principals from both school-types expected that parents 
volunteered for school projects and programs, in both 1999 and 2003. In 1999, more 30% 
of principals from single-sex schools expected parents to be involved in school 
committees compared to only 17% of principals from coed schools. However, the 
opposite trend was observed in 2003, as the percentage of principals from single-sex 
school expecting parents to serve on school committees, remained fairy constant, i.e., 
36%, compared to big increase in the percentage of principals from coed schools (50%). 
These results suggest a change in policies between 1999 and 2003 in coed schools with 
respect to expectations for parents’ participation in school activities.  
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4.3. School-Type Comparison without Adjustment for Student- or School 
Covariates (Model B) 
The first research question addressed was whether students enrolled in single-sex 
schools in the two countries selected had significant differences in science achievement 
and attitudes toward science compared to students in coeducational schools. The outcome 
differences between the two types of schools were modeled without taking into account 
any student or school characteristics. Examination of Model B provided answers to the 
first research question addressed in this study, and the following section presents these 
results. 
4.3.1. Unadjusted School Differences in Science Achievement for New Zealand’s 
Boys (Model B) 
Table 4.19 below summarizes, for New Zealand’s boys, the results of the 
estimated school-type differences in science achievement obtained in the sequence of 
multi-level models, as described above. 
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Table 4.19: 
Estimated Average Differences between Mean Science Scores in Single-sex and Coed 
Schools for New Zealand’s Boys  
TIMSS Model 
γ01 
Coefficient 
SE p 
Effect 
size
a
 
1995 
B 38** 14 0.01 0.67 
C 29** 12 0.01 0.50 
D 22* 13 0.09 0.39 
1999 
Phase 1 
B 19 18 0.31 0.33 
C 15 16 0.37 0.25 
D 7 16 0.64 0.13 
1999 
Phase 2 
B 19 18 0.31 0.33 
C 12 15 0.44 0.21 
D 6 14 0.67 0.11 
2003 
B 10 11 0.38 0.20 
C 7 11 0.53 0.14 
D -3 10 0.80 -0.05 
Note: Effect-size computed as ratio of school-type coefficient to the standard deviation of 
the distribution of school mean (SD). aUnconditional standard deviations for science 
achievement: SD = 57.46 in 1995; SD =  57.17 in 1999; SD = 51.53 in 2003.  
* p <0.05. **p <0.01. ***p < 0.001. 
In TIMSS 1995, the estimated average school differences between school-level 
mean science achievement scores of boys in single-sex and coed schools were 38 points 
higher for single-sex schools statistically significant at 0.01 level (Model B). The 
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estimated school-type contrast was equal to more than two-thirds of the standard 
deviation of school means. The large magnitude of effect size (0.67) indicated that the 
estimated average difference between boys educated in single-sex and coed schools was 
not only statistically significant, but also educationally meaningful for New Zealand in 
1995. The unconditional intra-class correlation coefficient (ICC) was 0.37, which 
indicated that 37% of total variability in TIMSS 1995 science scores for boys in New 
Zealand lies between schools (see Table C.1 in Appendix C). 
In TIMSS 1999, the average of the mean science achievement scores in single-sex 
was higher than the average mean science achievement scores in coed schools but the 
estimated difference of 19 points was not statistically significant, although the 
corresponding effect size was medium (0.33). The unconditional ICC was 0.36, meaning 
that 36% of total variability in science scores for boys in New Zealand lies between 
schools (Table C.1 in Appendix C). 
Similar to 1999, in TIMSS 2003, the average of the mean science achievement 
scores in single-sex was higher than the average mean science achievement scores in 
coed schools but the estimated difference of 10 points was not statistically significant and 
the corresponding effect size was small (0.20). The unconditional ICC was 0.45, i.e., 45% 
of total variability in science scores lies between schools. Including the school-type 
contrast explained zero percentage of the residual between-school variance, a result 
which is in agreement with the lack of effect of the school-type contrasts on science 
achievement differences (Table C.1 in Appendix C). 
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4.3.2. Unadjusted School Differences in Attitudes toward Science for New Zealand’s 
Boys (Model B) 
Similar to the case of the science achievement outcome, a table presenting the 
sequence of models A, B, and C was produced for attitudes toward science. ‘Attitudes 
toward science’ was a secondary outcome in this study and, hence, the HLM analyses 
with both student - and school-adjustments used in Model D focused only on the main 
outcome, i.e., science achievement. However, a future study is planned that will shift the 
focus to the secondary outcome, i.e., attitudes toward science. 
Table 4.20 below summarizes the results of the estimated school-type differences 
in predicted probabilities of low and either low or medium levels of attitudes toward 
science obtained in the sequence of models for New Zealand’s boys.  
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Table 4.20: 
Estimated Relationships between Predicted Probabilities of ‘Low’ and either ‘Low’ or 
‘Medium’ Levels of ‘Attitudes toward Science’ and School-Types for New Zealand’s Boys 
TIMSS Model 
γ01 
Coefficient 
SE p 
1995 
B -0.34** 0.13 0.01 
C -0.06 0.12 0.56 
1999 
B -0.12 0.26 0.65 
C 0.11 0.22 0.62 
2003 
B 0.09 0.13 0.48 
C 0.09 0.14 0.51 
* p <0.05. **p <0.01. ***p < 0.001. 
In TIMSS 1995, without any student or school-level adjustments, the predicted 
probability of low and either of low or medium levels of attitudes toward science of New 
Zealand’s boys was significantly related to school-type (p =  0.01, d = 0.74). The model 
estimates that single-sex schools foster more positive attitudes toward science than coed 
schools.  
There was no significant difference between attitudes toward science of boys in 
single-sex and coed schools in subsequent TIMSS cycles, i.e., 1999 and 2003. 
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4.3.3. Unadjusted School Differences in Science Achievement for New Zealand’s 
Girls (Model B) 
Table 4.21 below presents the estimated school-type differences in science 
achievement for girls in New Zealand.  
Table 4.21: 
Estimated Average Differences between Mean Science Scores in Single-sex and Coed 
Schools for New Zealand’s Girls 
TIMSS Model 
γ01 
Coefficient 
SE p 
Effect 
size
a
 
1995 
B 13 14 0.36 0.24 
C 10 13 0.44 0.19 
D 9 16 0.59 0.17 
1999 
Phase 1 
B 47*** 15 <0.001 0.79 
C 34** 13 0.01 0.59 
D 19 13 0.14 0.32 
1999 
Phase 2 
B 47*** 15 <0.001 0.79 
C 33** 12 0.01 0.57 
D 17 12 0.16 0.28 
2003 
B 15 10 0.14 0.30 
C 13 9 0.17 0.27 
D -1 9 0.89 -0.03 
Note: Effect-size computed as ratio of school-type coefficient to the standard deviation of 
the distribution of school mean (SD). aUnconditional standard deviations for science 
achievement: SD = 52.52 in 1995; SD =  58.70 in 1999; SD = 47.74 in 2003.  
* p <0.05. **p <0.01. ***p < 0.001. 
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In TIMSS 1995, the average of the mean science achievement scores in single-sex 
was higher than the average mean science achievement scores in coed schools but the 
estimated difference was not statistically significant at 0.05 level and corresponding the 
effect size was small, i.e. 0.24. The unconditional ICC was 0.36, which indicated that 
36% of total variability in TIMSS 1995 science scores of New Zealand’s girls lies 
between schools (Table C.2, Appendix C). 
In TIMSS 1999, the results indicate a significant difference between school-types, 
with girls educated in single-sex schools outperforming those educated in coed schools. 
Without adjusting for student and school covariates, the average difference between mean 
science achievement  of girls in single-sex and coed schools was 47 points in favor of 
single-sex schools,  the difference was statistically significant (p < 0.001, d = 0.79) and 
the corresponding effect size was large (0.79). The unconditional ICC was 0.43, which 
indicated that 43% of total variability in TIMSS 1999 science scores of New Zealand’s 
girls lies between schools.  
 In TIMSS 2003, without any adjustments (Model B), the average of the mean 
science achievement scores in single-sex was higher than the average mean science 
achievement scores in coed schools. However, the estimated difference was not 
statistically significant, although the effect size was medium (0.30). The unconditional 
ICC was 0.42, which indicated that 42% of total variability in TIMSS 1999 science 
scores of New Zealand’s girls lies between schools. 
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4.3.4. Unadjusted School Differences in Attitudes toward Science for New Zealand’s 
Girls (Model B) 
Table 4.22 below summarizes the results of the estimated school-type differences 
in predicted probabilities of lower responses for attitudes toward science obtained in the 
sequence of models A, B, and C for New Zealand’s girls. 
Table 4.22: 
Estimated Relationships between Predicted Probabilities of ‘Low’ and either 
‘Low’/‘Medium’ Levels of ‘Attitudes toward Science’ and School-Types for New Zealand’s 
Girls 
TIMSS Model 
γ01 
Coefficient 
SE p 
1995 
B 0.02 0.18 0.92 
C 0.17 0.16 0.28 
1999 
B -0.41* 0.18 0.03 
C -0.37* 0.15 0.01 
2003 
B 0.18 0.17 0.29 
C 0.11 0.14 0.44 
* p <0.05. **p <0.01. ***p < 0.001. 
There was no significant difference between the predicted probabilities of 
attitudes toward science of girls in single-sex and coed schools in TIMSS 1995 and 2003. 
However, in TIMSS 1999, without any student adjustments, the relationship between 
school-type and predicted probability of low and either low or medium levels of attitudes 
toward science was statistically significant (p = 0.03). Specifically, the model estimates 
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that girls in coed schools were more likely to have lower attitudes toward science than 
their colleagues from single-sex schools. 
4.3.5. Unadjusted School Differences in Science Achievement for Hong Kong’s 
Boys (Model B) 
Before discussing the results for Hong Kong’s boys, the reader is reminded of a 
difference between the datasets of Hong Kong and New Zealand in TIMSS 1995. Due to 
Hong Kong’s decision to sample two instead of one class per school in TIMSS 1995, 
schools were divided in three categories: coed schools with both classes having boys and 
girls in the same class, single-sex schools with both classes boys-only or girls-only, and 
the third type of schools was mix, with one class single-sex and the other class coed. 
Consequently, for TIMSS 1995 only, the indicator of school-type for Hong Kong was 
coded with three categories instead of two, i.e., coed schools with all coed classes, single-
sex schools with all single-sex classes and coed schools with both single-sex and coed 
classes. Hence, all tables for Hong Kong’s both boys and girls include an extra set of 
rows for each model examining TIMSS 1995 data. The reference group for the dummy 
variable “school-type” in Hong Kong’s case in 1995 was “coed schools”. For each model 
B, C and D, the first row refers to the achievement difference between students from 
single-sex schools with all single-sex classes and from coed schools with all coed classes. 
The second row for each model refers to the achievement difference between students in 
coed schools with single-sex classes and coed classes and student from coed schools with 
all coed classes. Table 4.23 below presents the results for science achievement 
differences between school-types Hong Kong’s boys. 
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Table 4.23: 
Estimated Average Differences between Mean Science Scores in Single-sex and Coed 
Schools for Hong Kong’s Boys 
TIMSS Model 
γ01 
Coefficient 
SE p 
Effect 
Size
a
 
1995b 
B 
5 28 0.86 0.09 
-20 26 0.44 0.34 
C 
5 27 0.86 0.08 
-20 24 0.41 0.35 
D 
2 21 0.91 0.04 
2 20 0.92 0.03 
1999 
Phase 1 
B -18 20 0.37 0.38 
C -20 20 0.33 0.40 
D -18 19 0.35 0.37 
1999 
Phase 2 
B -18 20 0.37 0.38 
C -19 19 0.32 0.40 
D -16 21 0.45 0.32 
2003 
B 18* 9 0.05 0.37 
C 17* 10 0.05 0.36 
D 11 9 0.20 0.24 
Note: Effect-size computed as ratio of school-type coefficient to the standard deviation of 
the distribution of school means (SD). aUnconditional standard deviations for science 
achievement: SD =  57.90 in 1995; SD =  48.71 in 1999; SD =  48.10 in 2003. bDummy 
variables for school-type indicator in TIMSS 1995 only. 
*p < 0.05. **p <  0.01. ***p < 0.001. 
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In TIMSS 1995, boys in single-sex schools outperformed boys from coed schools, 
but the latter outperformed boys from single-sex classes housed in coed schools. None of 
the differences though were statistically significant, while the effect sizes were low (0.09 
for the single-sex versus coed schools comparison, and 0.08 for the coed schools with 
single-sex classes versus coed schools comparison). The unconditional ICC was 0.44, 
which indicated that 44% of total variability in TIMSS 1995 science scores lies between 
schools (Table C.3, Appendix C). 
In Hong Kong in TIMSS 1999, as opposed to boys from New Zealand, boys from 
coed outperformed boys from single-sex schools, but the difference was not statistically 
significant, although the effect sizes was medium (d = 0.38). The unconditional ICC was 
0.44, which indicated that 44% of total variability in TIMSS 1999 science scores lies 
between schools. 
The analyses for TIMSS 2003 indicate different results from the statistical 
significance point of view. Without adjusting for student and school covariates, boys in 
single-sex scored 18 points higher than boys in coed schools and the difference was 
statistically significant (p = 0.05, d = 0.37). The unconditional ICC was 0.48, which 
indicated that 48% of total variability in TIMSS 1999 science scores lies between 
schools. 
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4.3.6. Unadjusted School Differences in Attitudes toward Science for Hong Kong’s 
Boys (Model B) 
Table 4.24 below summarizes the results of the estimated school-type differences 
in predicted probabilities of lower levels of attitudes toward science obtained in the 
sequence of models A, B, and C for Hong Kong’s boys. 
There was no statistically significant relationship between the predicted 
probability of low and either low or medium levels of attitudes toward science of boys 
and school-type in Hong Kong in any of the three TIMSS cycles included in this study. 
This result is not surprising since there were very small differences in the percentages of 
boys reporting at each level of the attitudes toward science index between school-types. 
Table 4.24: 
Estimated Relationships between Predicted Probabilities of ‘Low’ and either ‘Low’ or 
‘Medium’ Levels of ‘Attitudes toward Science’ and School-Types for Hong Kong’s Boys 
TIMSS Model 
γ01 
Coefficient 
SE p 
1995a 
B 
0.05 0.24 0.85 
-0.13 0.19 0.51 
C 
0.05 0.20 0.80 
-0.11 0.17 0.52 
1999 
B -0.20 0.16 0.21 
C -0.11 0.13 0.40 
2003 
B 0.05 0.12 0.67 
C 0.15 0.13 0.25 
Note: aDummy variables for school-type indicator in TIMSS 1995 only. 
  170
4.3.7. Unadjusted School Differences in Science Achievement for Hong Kong’s 
Girls (Model B) 
Table 4.25 below presents the results for Science achievement analyses for Hong 
Kong’s girls.  
Table 4.25: 
Estimated Average Differences between Mean Science Scores in Single-sex and Coed 
Schools for Hong Kong’s Girls  
TIMSS Model 
γ01 
Coefficient 
SE p Effect Size
a
 
1995b 
B 
1 28 0.97 0.02 
-11 22 0.61 0.23 
C 
0 27 0.99 0.00 
-14 20 0.50 0.28 
D 
17 32 0.60 0.33 
-2 -20 0.93 0.03 
1999 
Phase 1 
B 14 11 0.20 0.29 
C 12 10 0.23 0.26 
D 9 12 0.44 0.19 
1999 
Phase 2 
B 14 11 0.20 0.29 
C 12 10 0.22 0.26 
D 9 12 0.44 0.19 
2003 
B 51*** 8 < 0.001 1.06 
C 49*** 7 < 0.001 1.03 
D 39*** 8 < 0.001 0.80 
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Note: Effect-size computed as ratio of school-type coefficient to the standard deviation of 
the distribution of school mean (SD); aUnconditional standard deviations for science 
achievement:  SD = 50.53 in 1995. SD = 39.05 in 1999. SD = 47.75 in 2003. bDummy 
variables for school-type indicator in TIMSS 1995 only 
*p < 0.05. **p <  0.01. ***p < 0.001. 
In TIMSS 1995, girls in single-sex schools outperformed girls from coed schools; 
the latter outperformed girls from single-sex classes housed in coed schools. However, 
the differences were not statistically significant at 0.05 level. The unconditional ICC was 
0.40, which indicated that 40% of total variability in TIMSS 1995 science scores lies 
between schools (Table C.4, Appendix C). 
In TIMSS 1999, also, girls in single-sex schools outperformed girls from coed 
schools. However, the difference was not statistically significant (p< 0.05). The 
unconditional ICC was 0.38, which indicated that 38% of total variability in TIMSS 1995 
science scores lies between schools. 
In TIMSS 2003, however, the results indicate a different picture on girl’s Science 
achievement. Without adjusting for student and school covariates, average difference in 
Science achievement between single-sex and coed schools was 51 points and statistically 
significant (p < 0.001, d = 1.06). The unconditional ICC was 0.53, which indicated that 
more than 50% of total variability in TIMSS 2003 science scores lies between schools. 
After adjusting for the school-type indicator, the residual between-school variance was 
reduced by 11%. Corroborated with the largest score difference between school-types, 
(i.e., average 43 points) in favor of girls in single-sex as opposed to girls in coed schools, 
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this results suggest that single-sex schooling may have been related to a significant 
improvement in the science achievement of Hong Kong’s girls in TIMSS 2003. 
4.3.8. Unadjusted School Differences in Attitudes toward Science for Hong Kong’s 
Girls (Model B) 
Table 4.26 below summarizes the results of the estimated school-type differences 
in the predicted probabilities of lower levels of attitudes toward science obtained in the 
sequence of models for Hong Kong’s girls.  
Table 4.26: 
Estimated Relationships between Predicted Probabilities of ‘Low’ and either ‘Low’ or 
‘Medium’ Levels of ‘Attitudes toward Science’ and School-Types for Hong Kong’s Girls 
TIMSS Model γ01 Coefficient SE p 
1995a 
B 
-0.33 0.22 0.14 
-0.21 0.19 0.27 
C 
-0.31 0.25 0.21 
-0.22 0.21 0.30 
1999 
B -0.48* 0.19 0.01 
C -0.32* 0.14 0.02 
2003 
B -0.59*** 0.15 <0.001 
C -0.39** 0.11 <0.001 
Note: aDummy variables for school-type indicator in TIMSS 1995 only.  
*p < 0.05. **p <  0.01. ***p < 0.001. 
In TIMSS 1995, there was no statistically significant difference between the 
attitudes toward science of girls in single-sex and coed schools, although, on average, 
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girls in coed schools had higher probabilities of low and either low or medium levels of 
attitudes toward science than those in single-sex schools. 
However, the analyses for TIMSS 1999 and 2003 indicated different results. In 
TIMSS 1999, without adjusting for any student covariates, the average predicted 
probability of low and either low or medium levels of attitudes toward science was 
significantly related to school-type (p = 0.01), with single-sex schools fostering better 
attitudes than coed schools. 
Similar to 1999, in TIMSS 2003, without adjusting for any student covariates, the 
predicted probability of low and either low or medium levels of attitudes toward science 
significantly related to school-type (p < 0.001), with girls in single-sex schools reporting 
better attitudes toward science than girls in coed schools. 
4.4. School-Type Comparison Adjusted for Differences in Student Covariates 
(Model C) 
Studies reported in the literature on single-sex education in US (e.g., Lee & Bryk, 
1986; Riordan, 1990, 2002) or abroad (e.g., Daly, 1995; Harker & Nash, 1997; Harker, 
2000; Spielhofer, Benton & Schagen, 2004) suggested that the effect of this type of 
schooling could have been confounded with student background and socio-economic 
status and, hence, statistical control for these factors could be essential in the analysis.  
Therefore, in the next step of the sequence of models, the study examined the 
school outcome differences after adjusting for student characteristics that have been 
reported in the literature as potential predictors of science achievement and attitudes 
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toward science. Examination of results from Model C could address questions raised by 
parents, teachers, or any stakeholders interested in finding the best school environment 
for each student, given that child’s individual characteristics. 
4.4.1. Student-Adjusted School Differences in Science Achievement for New 
Zealand’s Boys (Model C) 
In TIMSS 1995, the advantage of boys in single-sex schools over their counter 
parts in coed schools was 29 points and statistically significant at 0.01 level. As shown in 
Table 4.19 above, after adjusting for differences in student characteristics, the estimated 
average school difference was equal to half of the standard deviation of school means and 
29 points higher in favor of boys in single-sex schools. Adjusting for student covariates 
accounted for only six percent of the within-schools variance, but added as much as 21% 
to the proportion of explained variance between schools, for a total of 24% of between-
school variability explained (Table C.1 in Appendix C). 
In TIMSS 1999, although the estimated school differences in Science 
achievement of New Zealand’s boys were not significant, adjusting for student-level 
covariates explained some of the variability within-schools and a larger percent of the 
variability existing between schools. For example, the small set17 of student 
characteristics included in Phase 1explained three percent of within-schools variability 
and 20% of between-school variability. Moreover, adjusting for a larger set of student 
                                                 
17 The small set of student characteristics refers to the variables common among student questionnaires 
from all three TIMSS administrations. As explained in Chapter 3, a larger set a student variables were 
measured in TIMSS 1999 only. 
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characteristics, i.e., in Phase 2, accounted for 12 percent of the within-schools variability 
(i.e., nine percent more than in Phase 1) and added as much as 32 % to the explained 
between-school variability (compared to the 19% added to the percent of between-
schools variance explained in Phase 1). 
In TIMSS 2003, the estimated school differences in science achievement of New 
Zealand’s boys were not significant and adjusting for student characteristics explained 
only small percentages of the remaining residual within- and between-school variances. 
4.4.2. Student-Adjusted School Differences in Attitudes toward Science for New 
Zealand’s Boys (Model C) 
As shown in Table 4.20 above, there were no significant differences between the 
predicted probabilities of low and low or medium levels of attitudes toward science of 
boys in single-sex and coed schools in either TIMSS 1995, 1999 or 2003. It is important 
to note that same results were obtained from the science achievement analyses in 1999 
and 2003, suggesting a possible correlation between these two outcomes for New 
Zealand’s boys. 
4.4.3. Student-Adjusted School Differences in Science Achievement for New 
Zealand’s Girls (Model C) 
As shown in Table 4.21 above, after adjusting for student covariates, the 
estimated school differences in science achievement were statistically significant at p < 
0.05 level only in TIMSS 1999. Specifically, in Model C Phase 1, after adjusting for the 
set of student covariates common to all three TIMSS cycles (i.e., parental education, 
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number of books, home possessions, and academic pressure), the average difference in 
science achievement  between single-sex and coed schools was 34 points and statistically 
significant (p = 0.01, d = 0.59). Phase 1 model accounted for 30% of the between-
schools variance, a 21% increase from Model B (Table C.2, Appendix C). 
In Phase 2, after adding to the set of student covariates those measured in TIMSS 
1999 only (i.e., self-confidence in learning science), on average, single-sex schools 
outperformed coed schools by 33 points and the difference was statistically significant (p 
= 0.01, d = 0.57). The corresponding effect size was reduced from d = 0.8 in Model B 
(without student adjustments) to d = 0.59 and 0.57, respectively, in Model C both phases 
(when student adjustments were introduced). Phase 2 model accounted for 36% of the 
between-schools variance, i.e., a 27% increase from Model B, and for 14% of the within-
school variance. When examining the percent of variance explained in TIMSS 1999 by 
each phase, it seems that including the measure for self-confidence in learning science, 
explained an addition six percent of the within-school variance and, also, of the between-
schools variance. 
4.4.4. Student-Adjusted School Differences in Attitudes toward Science for New 
Zealand’s Girls (Model C) 
There was no significant difference between the predicted probabilities of lower 
levels of attitudes toward science of girls in either single-sex and coed schools in TIMSS 
1995 and 2003 (see Table 4.22 above). 
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However, in TIMSS 1999, after adjusting for student covariates, the predicted 
probability of low and either low or medium levels of attitudes toward science 
significantly related to school-type (p = 0.01, d = 0.69). As explained above in 
discussion of the first research question, Model C estimates that girls in coed schools 
were more likely to have lower attitudes toward science than their colleagues from 
single-sex schools. 
As discussed above in the case of boys, similar results were obtained for girls 
from the analyses of science achievement and attitudes toward science in 1999 and 2003, 
suggesting a possible correlation between these two outcomes for both sexes in New 
Zealand. Moreover, as opposed to boys, the results for girls were consistent not only in 
1999 and 2003, but also in 1995, indicating that the correlation between the two 
outcomes was stronger in the case of girls in New Zealand. 
4.4.5. Student-Adjusted School Differences in Science Achievement for Hong 
Kong’s Boys (Model C) 
As shown in Table 4.23, the estimated school differences in science achievement 
of Hong Kong’s boys were not significant in TIMSS 1995 and 1999. Adjusting for 
student-level covariates explained very small percentages of the residual variability 
within- and between-schools in both years (Table C.3, Appendix C). 
However, in TIMSS 2003, boys in single-sex schools outperformed those in coed 
schools and the advantage was observed even after adjusting for student covariates. 
Specifically, the estimated school-type difference was 17 points and statistically 
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significant (p = 0.05, d = 0.36). Adjusting for student-level covariates accounted 10% of 
the variability within-schools, which represents a larger percentage of variability 
explained in comparison with the results observed in previous years. The statistical 
significance and increased percent of explained variance suggest that student 
characteristics other than the gender composition of the school can explain the advantage 
of boys in single-sex schools over their counterparts in coed schools. 
4.4.6. Student-Adjusted School Differences in Attitudes toward Science for Hong 
Kong’s Boys (Model C) 
As discussed before, there was no significant difference between the predicted 
probabilities of lower levels of attitudes toward science of boys in either single-sex or 
coed schools in Hong Kong in any of the three TIMSS cycles included in this study. This 
result is not surprising, since there were very small differences in the percentages of boys 
reporting at each level of the attitudes toward science index between schools. 
4.4.7. Student-Adjusted School Differences in Science Achievement for Hong 
Kong’s Girls (Model C) 
The results presented in Table 4.25 indicate an interesting picture on science 
achievement of Hong Kong’s girls in TIMSS 2003. After adjusting for student covariates, 
the average difference in science achievement between single-sex and coed schools was 
49 points and statistically significant at p < 0.001 (d = 1.03). Also, 13% of the residual 
between-school variance was explained by including the student covariates (Table C.4, 
Appendix C). 
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These results indicate that in TIMSS 2003, even when differences in background 
characteristics were accounted for, on average, Hong Kong’s girls in single-sex schools 
still significantly outperformed girls in coed schools. 
4.4.8. Student-Adjusted School Differences in Attitudes toward Science for Hong 
Kong’s Girls (Model C) 
As shown in Table 4.26, even after adjusting for student covariates, the predicted 
probabilities to report low and either low or medium levels of attitudes toward science 
were significantly related to school-type in both TIMSS 1999 (p = 0.02) and 2003 (p < 
0.001). These results indicate that in both 1999 and 2003, Hong Kong’s girls with similar 
background characteristics were more likely to have positive attitudes toward science 
when enrolled in single-sex schools than in coed schools. 
4.5. School-Type Comparison Adjusted for Differences in Both Student and School 
Characteristics (Model D) 
In the final sequence of models, i.e., Model D, the science achievement 
differences between the school-types were adjusted not only for student but also for 
school characteristics. Examination of answers to this question could be of interest to 
school principals, upper-level administration or any educational policy makers concerned 
with school policies potentially related to student achievement.  
Because of the emphasis on student achievement in the current educational policy 
discourse, the last set of analyses in this study focused only on the main outcome, i.e., 
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science achievement. However, a future study is planned that will shift the focus to the 
secondary outcome, i.e., attitudes toward science. 
4.5.1. Student- and School- Adjusted School Differences in Science Achievement for 
New Zealand’s Boys (Model D) 
In TIMSS 1995, when differences in school characteristics were also accounted 
for, the estimated average difference between mean science achievement scores in single-
sex and coed schools was 22 points higher for boys in single-sex schools. As shown in 
Table 4.19, the estimated difference was marginally significant and less than half of a 
standard deviation of school means (p = 0.09, d = 0.39). Including school covariates only 
added two percentage points to the 24% between-school variance already explained by 
student covariates (see Table C.1 in Appendix C). These results suggest that, for boys 
with similar background characteristics, differences in school characteristics can explain 
only to some extent the average school differences in science achievement between 
single-sex and coed schools in TIMSS 1995. The gender composition of the school 
remained an important factor in explaining achievement differences in science 
achievement for New Zealand’s boys in TIMSS 1995. 
The conclusion drawn from the analysis of TIMSS 1999 data is different. The full 
set of student and school characteristics included in Phase 2 of the analysis for Model D 
accounted for almost half (41%) of the residual between-school variance in science 
achievement, compared to only one percent explained by school-type indicator alone. 
This result may suggest that, for New Zealand’s boys in TIMSS 1999, the school-type 
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was not a significant factor in explaining the achievement differences between schools 
when differences in other school characteristics were accounted for. 
It is interesting to note that, as shown in Table 4.19, in TIMSS 2003, after 
adjusting for both student and school covariates, the mean science achievement 
difference between boys in single-sex and coed schools was in favor of boys in coed 
schools. In addition to the small size of the regression coefficient (only 3 points), the 
change in the direction of the science scores advantage from single-sex to coed schools 
suggests a possible multicollinearity of the school-type indicator and the other school 
characteristics. Similar to TIMSS 1999, a large percentage (30%) of between-school 
variance was accounted for by the set of student and school characteristics, while gender 
composition of the school was not an important factor in explaining achievement 
differences between schools. 
4.5.2. Student- and School- Adjusted School Differences in Science Achievement for 
New Zealand’s Girls (Model D) 
As shown in Table 4.21 above, after introducing not only student predictors but 
also school predictors, the mean difference in science achievement between schools was 
not significant for New Zealand’s girls in TIMSS 1999. The corresponding effect sizes 
for Model D were small, i.e., d = 0.32 in Phase 1 and d = 0.28 in Phase 2. These results 
suggest that, in TIMSS 1999, for girls with similar characteristics, the gender 
composition of the school (i.e., school-type) cannot explain the average school 
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differences in science achievement after the differences in other school characteristics 
were accounted for. 
Similar to the case of boys, in TIMSS 2003, after adjusting for both student and 
school covariates, the estimated science achievement difference was in favor of girls in 
coed schools. Again, the small size of the regression coefficient (only 1 point), the 
change in the direction of the science scores advantage from single-sex to coed schools 
suggests a possible multicollinearity of the school-type indicator and the other school 
characteristics included in Model D. Adjusting for school covariates added 13% to the 
explained between-schools variance, i.e., the largest increase observed in Model D for 
New Zealand’s girls across the three TIMSS cycles studied here (see Table C.2, 
Appendix C). 
4.5.3. Student- and School- Adjusted School Differences in Science Achievement for 
Hong Kong’s Boys (Model D) 
For Hong Kong’s boys, after adjusting for student and school characteristics, the 
indicator of school-type did not significantly explain the achievement differences 
between single-sex and coed schools in either TIMSS 1995 or 1999.  
In TIMSS 2003, though, fitting Model C showed that Hong Kong’s boys from 
single-sex schools significantly outperformed those in coed schools even when 
differences in student characteristics were accounted for. However, after adjusting for 
both student and school covariates, the average difference in science achievement 
between school-types was not statistically significant (see Table 4.23 above). This result 
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suggests that, in any of the three TIMSS cycles examined in this study, the school-type 
indicator was not a significant factor in explaining the between-schools science 
achievement differences of Hong Kong’s boys, when differences in the other school 
characteristics were accounted for. 
4.5.4. Student- and School- Adjusted School Differences in Science Achievement for 
Hong Kong’s Girls (Model D) 
As shown in Table 4.25 above, even after adjusting for both student and school 
covariates, on average, Hong Kong’s girls from single-sex schools outperformed their 
counterparts from coed schools by 39 points and the difference was statistically 
significant in TIMSS 2003 (p < 0.001, d = 0.8). School characteristics added an 
additional eight percent to the percentage of within-school variance explained in Model D 
but only one percent to the between-school explained variance (see Table C.4, Appendix 
C). These results indicate that in Hong Kong in TIMSS 2003, even when differences in 
both student and school characteristics were accounted for, on average, girls in single-sex 
schools still significantly outperformed girls in coed schools. 
4.6. Examining Student and School Characteristics Related to Science Achievement 
and Attitudes toward Science 
The next section examines the specific student and school characteristics related 
to science achievement and attitudes toward science. The section summarizes the 
multilevel regression analyses for each country’s boys and girls in TIMSS 1995, 1999 
and 2003, and identifies, in each case, the specific students and school characteristics that 
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were significant in explaining the variation in the mean science scores and attitudes 
toward science. The choice of predictors was dictated, on one hand, by the 
recommendations from the literature, and, on the other hand, by the availability of each 
set of variables in the TIMSS international database for each country in each year.  
For each model, the regression coefficients associated with student characteristics 
have been fixed across schools in all cases, after the null hypothesis of fixed regression 
coefficients have been tested and accepted at p > 0.1 level in the exploratory analyses. In 
all TIMSS cycles selected for this study, for random effects, the null hypothesis of zero 
between-schools residual variance was rejected at p < 0.001 level. A discussion of the 
interaction terms that would appear from combining the Level 1 and Level 2 models into 
a single regression equation, although may reveal interesting patterns, was deemed 
beyond the scope of the present study, but may be considered in future studies. 
4.6.1. Modeling Student Outcomes for New Zealand’s Boys  
4.6.1.1. Modeling Science Achievement for New Zealand’s Boys 
Table 4.27 below displays the estimated multilevel regression coefficients (and 
corresponding standard errors) for the student- and school-level covariates, as resulted 
from fitting Model D for the science achievement scores of New Zealand’s boys from 
TIMSS 1995, 1999 and 2003.  
The regression coefficient corresponding to a predictor variable quantifies the 
relationship between science achievement and that particular predictor variable, while 
holding all other predictors constant. For every unit increase in that predictor variable, 
  185
there is a number of score points increase in science achievement equal to the value of the 
regression coefficient. For categorical predictor variables, which were dummy coded, the 
value of the regression coefficient corresponds to the difference between the score of 
students at the reference category and students at the next category. For example, it could 
be the score difference between students with high-school educated parents and students 
with college educated parents, while all other student characteristics were held constant.   
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Table 4.27: 
Multilevel Regression Coefficients for Student and School Variables Predicting Science 
Achievement for New Zealand’s Boys 
 Coefficient (SE) for science achievement 
Student 
characteristics 
TIMSS 
1995 
TIMSS 1999 
Phase 1 
TIMSS 1999 
Phase 2 
TIMSS 
2003 
Intercept 433 (17)*** 429 (23)*** 410 (21)*** 461 (16)*** 
Parental Education 
(high school) 
16 (5)*** 16 (7)* 11 (7) † 
Parental Education 
(university) 
22 (7)*** 21 (9)* 17 (9)* † 
No. Books  
(2 bookcases) 
23 (6)*** 4 (5)  4 (4) -4 (2)* 
No. Books  
(> 3 bookcases) 
36 (6)*** - 4 (5) -4 (4) 4 (2)* 
Home Possessions 9 (5)* 27 (8)** 26 (8)** 61 (11)*** 
Academic Pressure 9 (4)** 8 (7) 2 (7) -  
Self-confidence 
(medium) 
  -  -  25 (7)** 17 (4)*** 
Self-confidence (high) - - 69 (7)*** 52 (4)*** 
School Characteristics 
School Type Indicator 22 (13) 7 (16) 6 (14) -3 (10) 
School Resourcesa 13 (11) 9 (13) 9 (11) -6 (8) 
School Climate 
(medium)  3 (4)b 
42 (15)** 35 (13)** 37 (9)*** 
School Climate (high) 47 (19)* 37 (17)* 49 (14)*** 
School Admission 
Policies 
49 (36) 44 (32) 40 (31) -  
Parents as Volunteers -  -  -1 (12) -  
Parents in School 
Committees 
-  -  -18 (12) 8 (9) 
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Note: Dash line (-) indicates differences in availability of student and school 
characteristics between Phase I and Phase II; † More than 50% missing cases in TIMSS 
2003. aIn all three years, categories low and medium of the school resources index were 
combined. bIn TIMSS 1995 only, the indicator of school climate was computed as 
continuous variable with lower values representing frequent discipline problems and 
higher values representing less frequent problems.  
*p < 0.05. **p <  0.01. ***p < 0.001. 
As shown in Table 4.27, parental education was a significant predictor of science 
achievement for New Zealand’s boys in TIMSS 1995 and 1999. In both TIMSS 1995 and 
1999, the higher the education level of both parents the bigger the achievement of New 
Zealand’s boys. For example, boys whose parents had a university education 
outperformed boys whose parents had less than high-school education by 22 points in 
TIMSS 1995, by 21 points in TIMSS 1999 Phase 1, and by 17 points in TIMSS 1999 
Phase 2. It would have been interesting to see the relationship between parental education 
and science achievement in TIMSS 2003, to see whether any trend could be observed. 
Unfortunately, since the large number of missing cases for parental education variable in 
TIMSS 2003 prevented its inclusion in the regression model.  
The number of books in a student’s home was a significant factor in TIMSS 1995, 
but to a lesser extent as families’ preferences shifted towards technology-based 
educational resources. For example, having more than 3 bookcases (i.e. more than 200 
books) at home gave boys an average of 36 points advantage over boy with only 1 
bookcase (less than 100 books) in TIMSS 1995, but only 4 points advantage in 2003, 
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while no significant difference was observed in 1999. However, as discussed in the first 
section of this chapter, as the number of resources, especially computers, became more 
readily available to New Zealand’s families, the home possessions indicator variable 
played a stronger role in predicting science achievement of New Zealand’s boys. For 
example, in TIMSS 2003, boys who had computers at home outperformed boys without 
computers at home by 61 points and the difference was significant at p < 0.001 level. 
The amount of academic pressure was significantly related to science 
achievemetn for New Zealand’s boys in 1995, when boys who have experienced more 
academic pressure had a 9 points advantage in science scores compared to boys who had 
no academic pressure. The relationship between achievement and academic pressure was 
not statistically significant in subsequent TIMSS cycles though, when another student 
characteristic, i.e., self-confidence in learning science, was entered in the model. 
Specifically, boys with medium and high levels of self-confidence had 
significantly higher scores in comparison with boys with low levels of confidence. For 
example, as shown in the Table 4.27, boys with  high self-confidence were had 
outperformed boys with low self-confidence by 69 points in 1999 and 52 points in 2003 
and the differences were statistically significant at p < 0.001 level. 
From the set of school predictors selected for this study, only the indicator of 
school climate was a significant factor in explaining school achievement differences for 
New Zealand’s boys. Not unexpectedly, the better the school climate, i.e., the fewer the 
discipline and behavioral problems reported by school principals, the larger was the 
school achievement mean. For example, in TIMSS 1999, boys from schools with high 
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levels of the index of school climate had a 37 points score significant advantage 
compared to boys from schools with low levels (p < 0.05), and 49 points significant 
advantage in TIMSS 2003 (p < 0.001). 
For all TIMSS cycles included in this study, the index of availability of school 
resources for science instruction was not a significant factor in explaining school 
differences in science achievement of New Zealand’s boys. Although boys with high 
school resources had higher scores than boys from schools with low/medium resources in 
TIMSS 1995 and 1999, the mean achievement differences were not statistically 
significant.  
These results suggest that school climate (i.e., frequency of discipline and other 
behavioral problems) was the single most important school characteristic included in the 
model that was a significant predictor of science achievement of New Zealand’s boys in 
all three TIMSS cycles.  
4.6.1.2. Modeling Attitudes toward Science for New Zealand’s Boys 
As explained in Chapter 3, since the ATT construct used as dependent variable 
had 3 categories, hierarchical logistic regression models were used instead of hierarchical 
linear models (HLMs). In this case, the cumulative logit for the first two categories18 of 
the ATT construct was modeled in terms of student characteristics at level 1 and school 
variables at level 2. Hence, the regression coefficients were interpreted in terms of 
predicted probabilities of having low (i.e., for ATT = 1) and either low or medium (i.e., 
                                                 
18 The cumulative probability for ATT≤3 is always equal to 1, therefore, only the cumulative probabilities 
for the first two categories needed to be modeled. 
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for ATT = 2) levels of attitudes toward science. There is no direct interpretation of their 
magnitude but, due to the mathematical form of the cumulative log-odds (or logit) 
function, there is a negative relationship between the regression coefficient of a predictor 
variable and the predicted probability of each category of the dependent variable. More 
details can be found in section 3.6.2 of Chapter 3.  
Table 4.28 displays the estimated multilevel regression coefficients (and 
corresponding standard errors) for the student- level covariates, as resulted from fitting 
Model D for the predicted probabilities of attitudes toward science of New Zealand’s 
boys from TIMSS 1995, 1999 and 2003.  
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Table 4.28: 
Multilevel Regression Coefficients for Student Variables Predicting Attitudes toward 
Science for New Zealand’s Boys 
 Coefficient (SE) for attitudes toward science 
Predictor Variables TIMSS 1995 TIMSS 1999 TIMSS 2003 
Intercept -1.967 (0.149)*** -1.708 (0.232)*** -1.815 (0.156)*** 
Parental Education (high 
school) 
-0.178 (0.126) 0.073 (0.127) † 
Parental Education 
(university) 
-0.312 (0.135) -0.097 (0.160) † 
No. Books  
(2 bookcases) 
-0.103 (0.159) 0.225 (0.152) -0.245 (0.066)*** 
No. Books  
(> 3 bookcases) 
-0.237 (0.110)* -0.105 (0.141) 0.245 (0.066)*** 
Home Possessions -0.116 (0.089) 0.180 (0.126) 0.726 (0.280)** 
Academic Pressure -1.774 (0.169)*** -1.982 (0.161)*** - 
Self-confidence 
(medium) 
- -0.644 (0.221)** 0.999 (0.158)*** 
Self-confidence (high) - -1.581 (0.235)*** 2.102 (0.158)*** 
Threshold 3.380 (0.109)*** 3.490 (0.143)*** 2.195 (0.079)*** 
School Type Indicator -0.064 (0.122) 0.108 (0.218) 0.092 (0.140) 
Note: Dash line (-) indicates differences in availability of student between TIMSS cycles; 
† More than 50% missing cases in TIMSS 2003.  
*p < 0.05. **p <  0.01. ***p < 0.001. 
Parental education was not a significant factor in explaining the variation in 
attitudes toward science of New Zealand’s boys in TIMSS 1995 and 199919.  
                                                 
19 More than 50% of students did not answer the questions on mother or father education in TIMSS 2003; 
hence, parental education was not included in the analyses of TIMSS 2003 data for New Zealand’s boys. 
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The number of books in a student’s home was a significant factor in predicting the 
probability of having low and either low or medium levels of attitudes toward science in 
1995, but not in 1999, as the families’ preferences shifted towards technology-based 
educational resources. For example, in TIMSS 1995, boys who had enough books at 
home to fill more than 3 bookcases(more than 200 books) were significantly less likely to 
have low and low or medium levels of attitudes toward science compared to boys with 
only 1 bookcase (less than 200 books) at home. No significant differences were observed 
in TIMSS 1999. As discussed in the first section of this chapter, as computers became 
more readily available to New Zealand’s families, the number of home possessions, 
including computers, played a significant role in predicting the science achievement of 
boys. However, the opposite trend was observed for boys’ attitudes toward science 
between 1995 and 2003. Specifically, in 2003, as the number of books at home increased, 
boys were significantly more likely to have lower levels of attitudes toward science. 
Moreover, in TIMSS 2003, boys who had computers at home were significantly more 
likely to have low and either low or medium levels of attitudes toward science than boys 
who did not have computers at home. 
The amount of academic pressure was a significant factor for attitudes towards 
science of New Zealand’s boys in 1995 and 1999. In both years, boys who had academic 
pressure were significantly less likely to have low and either low or medium levels of 
attitudes toward science when compared to boys who did not have academic pressure. 
In 1999, boys with medium and high levels of self-confidence were significantly 
less likely to report lower levels of attitudes toward science compared to boys who had 
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low self-confidence. Interestingly enough, though, the opposite result was observed in 
TIMSS 2003. Specifically, boys with medium and high self-confidence were significantly 
more likely to report low and either low or medium levels of attitudes toward science in 
comparison with boys with low self-confidence. However, a full comparison between 
these results should be done with caution, as the methodology of measuring the 
constructs related to self-confidence has modified due to changing the background 
questionnaires between TIMSS 1999 and 2003 administrations. 
4.6.2. Modeling Student Outcomes for New Zealand’s Girls 
4.6.2.1. Modeling Science Achievement for New Zealand’s Girls 
Table 4.29 below displays the estimated multilevel regression coefficients (and 
corresponding standard errors) for the student- and school-level covariates, as resulted 
from fitting Model D for the science achievement scores of New Zealand’s girls from all 
three TIMSS cycles. 
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Table 4.29: 
Multilevel Regression Coefficients for Student and School Variables Predicting Science 
Achievement for New Zealand’s Girls 
 Coefficient (SE) for science achievement 
Student 
characteristics 
TIMSS 1995 
TIMSS 1999 
Phase 1 
TIMSS 1999 
Phase 2 
TIMSS 2003 
Intercept 436 (18)*** 422 (23)*** 393 (23)*** 450 (15)*** 
Parental Education 
(high school) 
15 (5)*** 3 (6) 1 (6) † 
Parental Education 
(university) 
40 (6)*** 16 (7)*** 16 (6)*** † 
No. Books  
(2 bookcases) 
7 (2)*** 23 (7)*** 20 (7)*** -5 (2)*** 
No. Books  
(> 3 bookcases) 
7 (2)*** 28 (6)*** 25 (5)*** 5 (2)*** 
Home Possessions 16 (5)*** 25 (6)*** 21 (6)*** 59 (11)*** 
Academic Pressure 5 (5) 8 (5) 3 (5)  - 
Self-confidence 
(medium) 
-  -  26 (6)*** 14 (4)*** 
Self-confidence 
(high) 
-  -  51 (7)*** 46 (4)*** 
School characteristics 
School Type Indicator 9 (16) 19 (13) 17 (12) -1 (9) 
School Resourcesa 9 (14) 1 (13) 1 (12) 0.37 (7) 
School Climate 
(medium) 5 (4)b  
35 (17)* 35 (15)* 40 (9)*** 
School Climate (high) 52 (20)** 54 (19)** 48 (15)*** 
School Admission 
Policies 
46 (40) 30 (34) 40 (32) -  
Parents as Volunteers -  -  6 (11) -  
Parents in School 
Committees 
  -  15 (12) 4 (8) 
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Note: Dash line (-) indicates differences in availability of student and school 
characteristics between Phase I and Phase II; † More than 50% missing cases in TIMSS 
2003. aIn all three years, categories low and medium of the school resources index were 
combined. bIn TIMSS 1995 only, the indicator of school climate was computed as 
continuous variable with lower values representing frequent discipline problems and 
higher values representing less frequent problems.  
*p < 0.05. **p <  0.01. ***p < 0.001. 
Just like in the case of boys, parental education was a significant factor in 
predicting science achievement of New Zealand’s girls in TIMSS 1995 and 199920. In 
both years, the higher the education level of both parents the greater the science 
achievement. For example, as shown in Table 4.29, girls whose parents had a college 
degree significantly outperformed girls with parents with less than high-school by as 
much as 30 points in TIMSS 1995, 17 points in TIMSS 1999 Phase 1, and 16 points in 
TIMSS 1999 Phase 2 (p < 0.001). 
The number of books in a student’s home was a significant factor in all three 
assessments, but the order of magnitude of the regression coefficients was different in 
1999 compared to 1995 and 2003. For example, when compared to girls with 1 bookcase 
at home, girls with more than 3 bookcases had an average of 7 points advantage in 
TIMSS 1995, 28 points advantage in TIMSS 1999 Phase 1, 25 points in TIMSS 1999 
                                                 
20 More than 50% of students did not answer the questions on mother or father education in TIMSS 2003; 
hence, parental education was not included in the analyses of TIMSS 2003 data for New Zealand’s girls. 
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Phase 2, and 5 points in TIMSS 2003. The differences were statistically significant at p < 
0.001 level in all three years. 
The number of home possessions, including computers, were significantly related 
to girls’ science achievement and the magnitude of the regression coefficients increased 
as computers became more readily available to New Zealand’s families. Girls who had 
home possessions outperformed those who did not by 16 points in TIMSS 1995, by 25 
points in TIMSS 1999 Phase 1, by 21 points in TIMSS 1999 Phase 2, and as much as 59 
points in TIMSS 2003. The achievement differences were significant at p < 0.001 level in 
all three years.    
The amount of academic pressure was a significant factor in predicting 
achievement of New Zealand’s girls in either TIMSS 1995 or 1999. 
Girls with medium and high levels of self-confidence had significant higher scores 
in comparison with girls with low levels of self-confidence. For example, as shown in 
Table 4.29, girls with high self-confidence had significantly outperformed girls with low 
self-confidence by 50 points in TIMSS 1999 Phase 2 and 46 points in TIMSS 2003. The 
achievement differences were significant at p < 0.001 level in both years. 
From the set of school predictors selected for this study, only the school climate 
was a significant factor in explaining school achievement differences for New Zealand’s 
girls in TIMSS 1999 and 2003. Not unexpectedly, the better the school climate, i.e., the 
fewer the discipline and behavioral problems reported by school principals, the larger 
was the school mean achievement. For example, girls from schools with high levels of 
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the index of school climate had 53 points score advantage compared to girls from schools 
with low levels in TIMSS 1999Phase 1, and 54 points advantage in TIMSS 1999 Phase 2. 
The differences were statistically significant at p < 0.01 level in both phases. The 
advantage was 48 points in TIMSS 2003 and statistically significant at p < 0.001 level. 
In New Zealand, the index of availability of school resources for science 
instruction was not a significant factor in predicting girls’ science achievement in any of 
the three years. Although girls in schools with more resources outperformed girls from 
schools with fewer resources, the achievement difference between them was not 
statistically significant. 
4.6.2.2. Modeling Attitudes toward Science for New Zealand’s Girls 
Table 4.30 below displays the estimated multilevel regression coefficients (and 
corresponding standard errors) for the student- level covariates, as resulted from fitting 
Model D for the predicted probabilities of attitudes toward science of New Zealand’s 
girls from TIMSS 1995, 1999 and 2003. 
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Table 4.30: 
Multilevel Regression Coefficients for Student Variables Predicting Attitudes toward 
Science for New Zealand’s Girls  
Predictor variables 
Coefficient (SE) for attitudes toward science 
TIMSS 1995 TIMSS 1999 TIMSS 2003 
Intercept -1.92 (0.13)*** -1.08 (0.18)*** -1.97 (0.12)*** 
Parental Education 
(high school) 
-0.04 (0.14) -0.05 (0.12) † 
Parental Education 
(university) 
-0.21 (0.15) -0.10 (0.16) † 
No. Books  
(2 bookcases) 
-0.05 (0.14) -0.02 (0.19) 0.15 (0.13) 
No. Books  
(3 bookcases) 
-0.23 (0.16) -0.09 (0.13) 0.06 (0.12) 
Home Possessions  -0.11 (0.13) 0.23 (0.15) 0.04 (0.34) 
Academic Pressure  -1.95 (0.12)*** -1.96 (0.17)*** - 
Self-confidence 
(medium) 
- -0.78 (0.19) *** 1.04 (0.12) *** 
Self-confidence (high) - -1.96 (0.20) *** 2.08 (0.12) *** 
Threshold 3.66 (0.12)*** 3.62 (0.15) *** 2.14 (0.08) *** 
School Type Indicator 0.17 (0.16) -0.38 (0.15) *** 0.11 (0.14) 
Note: Dash line (-) indicates differences in availability of student and school 
characteristics between TIMSS cycles. †More than 50% missing cases in TIMSS 2003.  
*p < 0.05. **p <  0.01. ***p < 0.001. 
Only two student predictors had a significant relationship with the attitudes 
toward science of New Zealand’s girls: academic pressure and self-confidence in learning 
science. The amount of academic pressure was a significant factor in TIMSS 1995 and 
1999. In both years, girls who have experienced academic pressure were significantly less 
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likely to have low or medium levels of attitudes toward science compared to girls who did 
not have academic pressure. 
In TIMSS 1999, girls with medium or high levels of self-confidence were 
significantly less likely to report low or medium levels of attitudes toward science in 
comparison with girls with low self-confidence. Interestingly enough, though, the 
opposite result was observed in TIMSS 2003. Specifically, girls with medium and high 
levels of self-confidence were significantly more likely to report low or medium levels of 
attitudes toward science in comparison with girls with low self-confidence. However, a 
full comparison between these results should be done with caution, as the measurement 
of these constructs has changed with the revamping of the background questionnaires 
between TIMSS 1999 and 2003 administrations. 
4.6.3. Modeling Student Outcomes Differences for Hong Kong’s Boys 
4.6.3.1. Modeling Science Achievement for Hong Kong’s Boys 
Table 4.31 below displays the estimated multilevel regression coefficients (and 
corresponding standard errors) for the student- and school-level covariates, as resulted 
from fitting Model D for the science achievement scores of Hong Kong’s boys from all 
three TIMSS cycles.  
An interesting finding for Hong Kong’s boys was that parental education was not 
a significant factor in explaining the variation in science achievement of Hong Kong’s 
boys in any of the three TIMSS cycles selected in this study. 
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The number of books in a student’s home was a significant factor only in TIMSS 
1999, when boys with enough books at home to fill more than 3 bookcases (more than 
200 books)had an average of 15 points advantage over boys with fewer books at home, in 
both Phase 1 and 2.  
The indicator of home possessions was not a significant factor for TIMSS 1995 
and 1999. In 2003, the relationship between home possessions, although significant at p < 
0.05 level, was a negative one. Boys who had possessions at home (like computers, 
calculators, etc.) scored, on average, 7 points lower than those who did not have home 
possessions.  
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Table 4.31: 
Multilevel Regression Coefficients for Student and School Variables Predicting Science 
Achievement for Hong Kong’s Boys  
Student 
characteristics 
Coefficient (SE) for science achievement 
TIMSS 
1995 
TIMSS 1999 
Phase 1 
TIMSS 1999 
Phase 2 
TIMSS 2003 
Intercept 518 (27)*** 524 (19)*** 515 (23)*** 482 (58)*** 
Parental Education 
(high school) 
4 (3) -3 (5) -3 (5) -1 (3) 
Parental Education 
(university) 
5 (5) 2 (7) 0 (6) -3 (4) 
No. Books  
(2 bookcases) 
6 (4) 3 (6) 2 (6) 2 (4) 
No. Books  
(> 3 bookcases) 
-3 (4) 15 (5)* 15 (5)* 3 (5) 
Home Possessions 2 (3) -2 (3) -2 (3) -7 (3)* 
Academic Pressure 17 (3)* 9 (4)* 7 (4)  - 
Self-confidence 
(medium) 
- - 18 (6)* 15 (4)* 
Self-confidence (high) - - 31 (9)* 43 (4)* 
School characteristics 
School Type 
Indicatora 
2 (21) 
-18 (19) -16 (21) 11 (9) 
2 (20) 
School Resources 
(medium) 
-1 (3) 2 (2) 2 (2)  
18 (11)b 
School Resources 
(high) 
-4 (2) -1 (2) -1 (2) 
School Climatec,d 23 (7)* 1 (1) 1 (1)  44 (57) 
School Admission 
Policiese 
- 18 (23) 14 (22)  - 
Parents as Volunteers - - -7 (13)  - 
Parents in School 
Committees 
- - -3 (14)  -6 (10) 
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Note: Dash line (-) indicates differences in availability of student and/or school 
characteristics between Phase I and Phase II. aDummy variables for school-type indicator 
in TIMSS 1995 only. bIn TIMSS 2003 only, categories low and medium of the school 
resources index were combined. cIn TIMSS 1995 only, the indicator of school climate 
was computed as continuous variable with lower values representing frequent problems 
and higher values representing less frequent problems. dIn TIMSS 1999 and 2003, 
categories low and medium of the indicator of school climate were combined. 
*p < 0.05. **p <  0.01. ***p < 0.001. 
The amount of academic pressure was a significant factor for Hong Kong’s boys 
in 1995; when boys who have experienced more academic pressure had a 17 points 
advantage in science scores compared to boys with no academic pressure. In TIMSS 
1999 Phase 1, before self-confidence in learning science was entered in the model, boys 
with academic pressure scored 9 points significantly higher than boys with no academic 
pressure. 
When the variable self-confidence in learning science was added to the model, 
boys with medium and high levels of self-confidence had significant higher scores 
compared to boys with low self-confidence. For example, as shown in Table 4.31, boys 
with high self-confidence had significantly outperformed boys with low self-confidence 
by 31 points in TIMSS 1999 Phase 2 and by 43 points in TIMSS 2003. 
From the set of school predictors selected for this study, only the indicator of 
school climate was a significant factor in explaining school achievement differences for 
Hong Kong’s boys. As opposed to students from New Zealand, for who school climate 
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seemed to be a strong factor in TIMSS 1999 and 2003, in Hong Kong it was significant 
only in TIMSS 1995. Specifically, in TIMSS 1995, Hong Kong’s boys from schools with 
high levels of the index of school climate had a 23 points score advantage compared to 
boys from schools with low level of school climate. 
As mentioned before, for all TIMSS cycles included in this study, availability of 
school resources was not a significant factor in explaining the variation in science 
achievement of Hong Kong’s boys. Moreover, boys in schools with more resources 
scored a few points lower than their counterparts from schools with fewer resources but 
the differences were not statistically significant. 
4.6.3.2. Modeling Attitudes toward Science for Hong Kong’s Boys 
Table 4.32 below displays the estimated multilevel regression coefficients (and 
corresponding standard errors) for the student- level covariates, as resulted from fitting 
Model D for the predicted probabilities of attitudes toward science of Hong Kong’s boys 
from all TIMSS cycles. 
  
  204
Table 4.32: 
Multilevel Regression Coefficients for Student Variables Predicting Attitudes toward 
Science for Hong Kong’s Boys 
Predictor variables 
Coefficient (SE) for attitudes toward science 
TIMSS 1995 TIMSS 1999 TIMSS 2003 
Intercept -2.11 (0.10)*** -2.09 (0.14)*** -1.29 (0.15)*** 
Parental Education 
(high school) 
-0.17 (0.09)* -0.01 (0.10) -0.03 (0.10) 
Parental Education 
(university) 
-0.20 (0.15) -0.32 (0.16)* -0.17 (0.17) 
No. Books  
(2 bookcases) 
-0.20 (0.12) -0.29 (0.15)* -0.12 (0.14) 
No. Books  
(3 bookcases) 
-0.07 (0.13) -0.28 (0.17) -0.24 (0.17) 
Home Possessions -0.25 (0.08)** 0.08 (0.10) -0.02 (0.10) 
Academic Pressure -1.10 (0.09)*** -1.55 (0.13)***  
Self-confidence 
(medium) 
 -0.75 (0.12)*** -1.06 (0.13)*** 
Self-confidence (high)  -1.47 (0.17)*** -2.51 (0.15)*** 
Threshold 3.48 (0.07)*** 3.98 (0.12)*** 3.02 (0.10)*** 
School Type Indicatora 
0.05 (0.20) 
-0.11 (0.13) 0.15 (0.13) 
-0.11 (0.17) 
Note: Dash line (-) indicates differences in availability of student and/or school 
characteristics between TIMSS cycles. aDummy variables for school-type indicator in 
TIMSS 1995 only.  
*p < 0.05. **p <  0.01. ***p < 0.001. 
For Hong Kong’s boys, in TIMSS 1995, boys whose parents finished high school 
and who had home possessions, were significantly less likely to report low and medium 
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levels of attitudes toward science than boys whose parents finished less than high school 
and had no home possessions.  
In TIMSS 1999, boys whose parents had a university degree were significantly 
less likely to report low and medium levels of attitudes toward science than boys whose 
parents had less than a high school diploma. Also, boys with enough books at home to 
fill 2 bookcases(i.e., 100 to 200 books) were significantly less likely to report low and 
medium levels of attitudes toward science than boys with 1 bookcase (less than 100 
books). In TIMSS 2003, none of the above measures were significant factors in 
explaining the variation in Hong Kong’s boys’ attitudes toward science.  
Only two student predictors had a significant relationship with the attitudes 
toward science of Hong Kong’s boys across all three TIMSS cycles selected in this study, 
namely academic pressure and self-confidence in learning science. The amount of 
academic pressure was a significant factor for Hong Kong’s boys in TIMSS 1995 and 
1999. In both years, boys who reported having academic pressure were significantly less 
likely to have low or medium levels of attitudes toward science compared to boys who 
did not report any amount of academic pressure. In TIMSS 1999 and 2003, boys with 
medium and high levels of self-confidence were significantly less likely to report low or 
medium levels of attitudes toward science in comparison with boys with low levels of 
self-confidence.  
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4.6.4. Modeling Student Outcomes’ Differences for Hong Kong’s Girls 
4.6.4.1. Modeling Science Achievement for Hong Kong’s Girls 
Table 4.33 below displays the estimated multilevel regression coefficients (and 
corresponding standard errors) for the student- and school-level covariates, as resulted 
from fitting Model D for the science achievement scores of Hong Kong’s girls from 
TIMSS 1995, 1999 and 2003.  
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Table 4.33: 
Multilevel Regression Coefficients for Student and School Variables Predicting Science 
Achievement for Hong Kong’s Girls 
Student 
characteristics 
Coefficient (SE) for science achievement 
TIMSS 1995 
TIMSS 1999 
Phase 1 
TIMSS 1999 
Phase 2 
TIMSS 
2003 
Intercept 518 (35)*** 518 (19)*** 501 (19)*** 482 (46)*** 
Parental Education 
(high school) 
9 (3)* -2 (3) -2 (3) -4 (2) 
Parental Education 
(university) 
8 (7) -2 (6) -4 (6) 4 (4) 
No. Books  
(2 bookcases) 
-7 (-4) 0 (7) 0 (7) 0 (4) 
No. Books  
(> 3 bookcases) 
3 (5) 14 (6)* 13 (6)* 4 (5) 
Home Possessions 6 (3)* 0 (3) -1 (3) -7 (2)* 
Academic Pressure 16 (3)* 11 (5)* 9 (5) - 
Self-confidence 
(medium) 
- - 18 (4)* 12 (3)* 
Self-confidence (high) - - 38 (5)* 38 (3)* 
School characteristics 
School Type 
Indicatora 
17 (32) 
9 (12) 9 (12) 39 (8)* 
-2 (-20) 
School Resources 
(medium) 
-4 (-4) 0 (2) 0 (2) 
12(11)b 
School Resources 
(high) 
-2 (-2) -1 (2) -1 (2) 
School Climatec,d 14 (7)* 0 (1) 0 (1) 43 (42) 
School Admission 
Policies 
- 29 (19) 26 (19) - 
Parents as Volunteers - - - - 
Parents in School 
Committees 
- - -4 (11) -8 (10) 
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Note: Dash line (-) indicates differences in availability of student and/or school 
characteristics between Phase I and Phase II. aDummy variables for school-type indicator 
in TIMSS 1995 only. bIn TIMSS 2003 only, categories low and medium of the school 
resources index were combined. cIn TIMSS 1995 only, school climate indicator was 
computed as continuous variable with lower values representing frequent problems and 
higher values representing less frequent problems. dIn TIMSS 1999 and 2003, categories 
low and medium of the school climate index were combined.  
*p < 0.05. **p <  0.01. ***p < 0.001. 
Parental education was a significant factor in explaining the variation in science 
achievement of Hong Kong’s girls only in TIMSS 1995. Specifically, girls whose parents 
finished high school  had a 9 points score advantage over girls whose parents finished 
less than high-school and the achievement difference was statistically significant at p < 
0.05 level.  
The number of books at home was a significant factor for girls in Hong Kong 
only in 1999, when girls with enough books at home to fill more than 3 bookcases (more 
than 200 books) had an average of 14 points advantage over girls with less than 100 
books (1 bookcase) in TIMSS 1999 Phase 1, and 13 points in TIMSS 1999 Phase 2. The 
achievement difference was statistically significant at p < 0.05 level. 
The indicator of home possessions was not a significant factor for TIMSS 1995 
and 1999. In TIMSS 2003, the relationship between home possessions, although 
significant at 0.05 level, was a negative one. Girls who had possessions at home (like 
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computers, calculators, etc.) scored, on average, 7 points lower than girls who reported 
having no home possessions. A similar result was observed for Hong Kong’s boys. 
The amount of academic pressure was a significant factor for Hong Kong’s girls 
in TIMSS 1995, when girls who have experienced more academic pressure had a 16 
points advantage in science scores compared to girls who reported no academic pressure. 
In TIMSS 1999 Phase 1, (i.e., before self-confidence in learning science variable was 
entered in the model in Phase 2) girls who reported having academic pressure scored 11 
points significantly higher girls with no academic pressure. 
When self-confidence in learning science was added to the model (Phase 2), girls 
with medium and high levels of self-confidence had significantly higher scores than girls 
with low self-confidence. For example, as shown in Table 4.33 below, girls with high 
self-confidence had significantly outperformed girls with low self-confidence by 38 
points in TIMSS 1999 Phase 2 and, also, in TIMSS 2003.  
From the set of school predictors selected for this study, only the indicator of 
school climate and discipline was a significant factor in explaining between-schools 
differences in student achievement for Hong Kong’s girls. As opposed to students from 
New Zealand, for who school climate seemed to be a strong factor in TIMSS 1999 and 
2003, in Hong Kong it was significant only in TIMSS 1995. Specifically, Hong Kong’s 
girls from schools with high levels of the index of school climate (i.e., schools with fewer 
discipline problems) had a 14 points score advantage compared to girls from schools with 
low levels of index of school climate in TIMSS 1995.  
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Just like in the case of boys, availability of school resources was not a significant 
factor in explaining the variation in science achievement of Hong Kong’s girls in any of 
the three TIMSS cycles included in this study. Moreover, girls in schools with more 
resources scored 4 points lower than girls enrolled in schools with fewer resources; 
however, the differences were not statistically significant. 
4.6.4.2. Modeling Attitudes toward Science for Hong Kong’s Girls  
Table 4.34 below displays the estimated multilevel regression coefficients (and 
corresponding standard errors) for the student- level covariates, as resulted from fitting 
Model D for the predicted probabilities of attitudes toward science of Hong Kong’s girls 
from the three TIMSS cycles.  
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Table 4.34: 
Multilevel Regression Coefficients for Student Variables Predicting Attitudes toward 
Science for Hong Kong’s Girls 
Predictor variables 
Coefficient (SE) for attitudes toward science 
TIMSS 1995 TIMSS 1999 TIMSS 2003 
Intercept -1.651 (0.099)*** -1.522 (0.134)*** -1.183 (0.130)*** 
Parental Education 
(high school) 
-0.422 (0.089)*** -0.122 (0.093) 0.017 (0.099) 
Parental Education 
(university) 
-0.420 (0.234)* -0.576 (0.190)** -0.143 (0.162) 
No. Books  
(2 bookcases) 
-0.467 (0.148)** -0.099 (0.180) 0.147 (0.144) 
No. Books  
(> 3 bookcases) 
0.097 (0.163) 0.216 (0.199) -0.459 (0.212)* 
Home Possessions 0.006 (0.107) 0.056 (0.084) 0.094 (0.124) 
Academic Pressure -1.346 (0.101)*** -1.757 (0.110)***  
Self-confidence 
(medium) 
 -0.925 (0.136)*** -1.246 (0.129)*** 
Self-confidence 
(high) 
 -2.380 (0.143)*** -2.608 (0.139)*** 
Threshold 3.920 (0.081)*** 4.512 (0.119)*** 3.416 (0.087)*** 
School Type 
Indicatora 
-0.310 (0.247) 
-0.325 (0.135)** 
-0.389  
(0.115)*** -0.220 (0.211) 
Note: Dash line (-) indicates differences in availability of student and/or school 
characteristics between TIMSS cycles.  aDummy variables for school-type indicator in 
TIMSS 1995 only. 
For Hong Kong’s girls, parental education was a significant factor in explaining 
the variation in attitudes toward science between in TIMSS 1995 and 1999, but not in 
TIMSS 2003. In TIMSS 1995, girls whose parents finished high school or had a 
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university degree were significantly less likely to report low and medium levels of 
attitudes toward science than girls whose parents finished less than high school. Also, in 
1999, only girls with college educated parents were significantly less likely to report low 
and medium levels of attitudes toward science compared to girls whose parents finished 
less than high school.  
The number of books at home was a significant factor in explaining the variation 
in girls’ attitudes toward science in TIMSS 1995 and 2003. Specifically, in TIMSS 1995, 
Hong Kong’s girls who had enough books to fill 2 bookcases(i.e., 100 to 200 books) were 
significantly less likely to report low and medium levels of attitudes toward science than 
girls who had less than 100 books (i.e., enough to fill only 1 bookcase) at home. In 
TIMSS 2003, girls with more than 200 books (i.e., 3 bookcases) at home were 
significantly less likely to report low and medium levels of attitudes toward science than 
girls with enough books to fill only 1 bookcase (i.e., less than 100) at home. 
Both academic pressure and self-confidence in learning science had a significant 
relationship with the attitudes toward science of Hong Kong’s girls across all three 
TIMSS cycles selected in this study. The amount of academic pressure was a significant 
factor for Hong Kong’s girls in TIMSS 1995 and 1999. In both years, girls who have 
experienced academic pressure were significantly less likely to have low or medium 
attitudes toward science compared to girls without any academic pressure.  
In both TIMSS 1999 and 2003, girls with medium and high levels of self-
confidence were significantly less likely to report low or medium attitudes toward science 
than girls with low self-confidence in learning science.  
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4.7. Results from the Sensitivity Analysis Methodology for Hong Kong’s Girls in 
TIMSS 2003 
Model C (i.e., student-level covariates only) for Hong Kong’s girls in TIMSS 
2003 was fitted before including the simulated variable U and running the HLM on the 
augmented dataset. Table 4.35 summarizes the results of running Model C on the original 
dataset for Hong Kong’s girls in TIMSS 2003. 
This preliminary analysis gave an indication of the magnitude of the regression 
coefficients for the student characteristics that were conceptually similar to the simulated 
variable U, such as parental education, number of books and home possessions. Based on 
the values shown in Table 4.35, the value of βUj was set at 4 meaning that, everything 
being equal, a student with highly involved parents would score 4 points more on the 
TIMSS 2003 science scale than a student with parents that were not involved in her 
education. The fixed positive value of βUj also introduced a certain level of selection bias 
in the dataset, as per the second assumption of the sensitivity analysis methodology 
proposed in this study.  
The analysis also provided an indication of the magnitude of the school-type 
contrast γ01 and its standard error for the original dataset, without the simulated variable 
U included. Table 4.35 shows that after accounting for student characteristics, except for 
parental involvement U, girls in single-sex schools scored almost 46 points higher than 
girls in coed schools in TIMSS 2003. The score difference was statistically significant (p 
< 0.001), indicating that school-type had a significant relationship with science 
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achievement. However, the question remained whether there was any missing student 
characteristic unaccounted for that could explain the achievement difference between 
school-types. 
Table 4.35: 
The Multi-level Regression Coefficients (Standard Errors) for Student Variables 
Predicting Science Achievement for Hong Kong’s Girls in TIMSS 2003 
Student characteristics Coefficient (SE) 
Intercept 522 (5)*** 
Parental Education (high school) -4 (2)** 
Parental Education (university) 4 (4) 
No. Books  
(2 bookcases) 
0.50 (4) 
No. Books  
(> 3 bookcases) 
4 (5) 
Home Possessions -7 (3)*** 
Academic Pressure n/a 
Self-confidence (medium) 12 (3)*** 
Self-confidence (high) 38 (3)*** 
School Type Indicator 
45.87 (6.85)*** 
Note:*p < 0.05. **p <  0.01. ***p < 0.001. 
Next, the HLM Model C predicting science achievement of Hong Kong’s girls 
was fitted using the augmented TIMSS 2003 dataset with variable U and the adjusted 
outcome variable ( )••−− UUSCI ijUjij β , where the regression coefficient βUj 
corresponding to the simulated variable U was fixed at 4. Table 4.36 below summarizes 
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the values of the school-type contrast γ01 and its standard error for the chosen pairs of 
conditional probabilities (π10, π11) use to simulate the sets of Ui’s.  
Table 4.36: 
The Multi-level Regression Coefficient γ01 and its Standard Error (SE) for the Chosen 
Pairs of Conditional Probabilities (π10, π11) and Fixed Regression Coefficient 
U π10 π11 γ01 SE 
u1 0.20 0.35 45.33 6.86 
u2 0.20 0.50 44.48 6.84 
u3 0.20 0.65 44.12 6.87 
u4 0.20 0.80 43.54 6.87 
u5 0.35 0.50 45.26 6.87 
u6 0.35 0.65 44.58 6.87 
u7 0.35 0.80 43.97 6.86 
u8 0.50 0.65 45.23 6.85 
u9 0.50 0.80 44.65 6.88 
u10 0.65 0.80 45.30 6.86 
 Figure 3 below pictures the 3-dimensional response surface depicting the 
dependence of γ01 on the pairs of conditional probabilities (π10, π11) and regression 
coefficient βUj = 4.  
  216
 
Figure 3: Sensitivity analysis results: response surface of school-type contrast γ01 
as function of conditional probabilities, for βUj = 4. 
The shape of the response surface was shallow, suggesting a low sensitivity of the 
estimated school-type contrast γ01 to the presence of the simulated variable U (i.e., 
parental involvement). The same conclusion was drawn from comparing the value of γ01 
without including variable U in the model, i.e., 45.87, and its standard error (6.85) to their 
corresponding values from the sensitivity analysis, as shown in Table 4. 36. 
The sensitivity analysis presented here is clearly in the exploratory stage and 
larger number of set of Ui’s generated by Monte Carlo simulations would be 
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recommended to further investigate the impact of selection bias in this study. Further 
exploration may also include varying the values of βUj to assess the influence of the 
second assumption of selection bias on the response surface. However, the analyses 
conducted here went a step closer to addressing the question of causality in this study of 
single-sex education. 
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5. DISCUSSION AND CONCLUSIONS 
5.1. Overview of the Study 
In the United States, the Elementary and Secondary Education Act of 1965 was 
reauthorized during President’s George W. Bush administration in 2001. This 
reauthorization became widely known as NCLB, after its mission to narrow the 
achievement gaps among all groups of students and improve education of every child in 
the US. At the end of 2006, the US Department of Education used one of the provisions 
in the NCLB (specifically, sections 5131(a)(23) and 5131(c) of the NCLB) to reauthorize 
single-sex education in public schools (Bracey, 2006). However, research findings on the 
benefits of single-sex education are rather inconclusive and the Department of 
Education’s action –like any other policy change– calls for research that compares single-
sex with coeducational schools. 
Since single-sex education was banned from public schools between 1972 until 
2006, all the research on single-sex schooling in the United States was restricted to the 
private sector. For example, the series of studies conducted by Valerie Lee and her 
colleagues (Lee & Bryk, 1986, 1989; Lee & Marks, 1990, 1992) or by Cornelius Riordan 
(1990, 2002) have focused only on Catholic schools. Some authors warned that the 
results obtained from a small group of private schools can hardly be generalized to valid 
conclusions on the impact of single-sex education on the population of students from 
both public and private sectors (Riordan, 2002; Sullivan, Joshi, & Leonard, 2010). Other 
authors have pointed out that Catholic schools in the US have characteristics that 
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distinguish them as a rather elite group, as evidenced by the abrupt increase in the socio-
economic status of students attending these schools during the past 20 years (Baker, 
Riordan & Schaub, 1995), etc. Therefore, in order to investigate the impact of single-sex 
schooling on student achievement and attitudes towards science, it was natural to turn to 
other countries where single-sex education has a long tradition in both public and private 
sectors. 
Thus far, national level studies comparing single-sex with coeducational schools 
have been carried out in England, Australia, Jamaica, and New Zealand and, in most 
cases, resulted in a similar pattern: girls in single-sex schools demonstrate the highest 
achievement, followed by boys in single-sex schools, boys in coeducational schools and 
girls in coeducational schools (Finn, 1980; Hamilton, 1985; Cresswell, Rowe & Withers, 
2002; Spielhofer, Benton, & Schagen, 2004; Younger & Warrington, 2005). 
However, as Ewing (2006) concluded in a report on the state of all-boys schools 
in the former Soviet Union, any explanation of the effect of single-sex schooling should 
include the national and historical contexts of each country in the discussion. Moreover, 
in a cross-national comparison of Belgium, New Zealand, Thailand and Japan using the 
12th grade portion of the Second International Mathematics Study (SIMS)21, Baker, 
Riordan and Schaub (1995) showed that the effect of single-sex education has been 
limited to the countries with a small number of single-sex schools. The authors suggest 
that when single-sex schools are rare in a country, they are also more selective and serve 
                                                 
21 SIMS is the precursor of the TIMSS cycle of studies. Both large-scale international assessments have 
been developed and administered by the IEA. 
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an elite group of students - and their parents - who have already made a “pro-academic” 
choice.  
In the final remarks of a recent study, Sullivan, Joshi and Leonard (2010) 
concluded that international research studies focused on the long-term outcomes of 
single-sex schooling are missing from the literature and hence, these types of studies are 
highly recommended. Although the study presented in this dissertation was not a 
longitudinal study, the main goal of this study was to draw on the availability of periodic 
TIMSS assessments, i.e., 1995, 1999 and 2003, and to explore whether single-sex 
education had any significant relationship to science achievement and attitudes toward 
science of boys and girls from two countries, New Zealand and Hong Kong.  
Specifically, the purpose of this study was to: i) examine if students enrolled in 
single-sex schools in the two countries selected had significant differences in science 
achievement and attitudes toward science compared to students in coeducational schools; 
ii) understand if the observed benefit (if any) of single-sex education can be explained by 
pre-existing differences in student and/or school characteristics rather than the gender 
composition of the school; and iii) examine the sensitivity of the estimated effect of 
single-sex education on student outcomes to the presence of unmeasured selection bias 
and unobserved variables. 
The studies reported in the literature on single-sex education provide different 
perspectives on this topic, with different results drawn from different countries, grade-
levels, public or private schools, etc. Although there is hardly any agreement in the 
literature with respect to the benefits of single-sex education, everyone seems to agree 
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that the effect of the schools’ gender composition seems to be different for boys and girls. 
Therefore, following the logic used by previous studies (e.g., Lee & Bryk, 1986, Baker, 
Riordan & Schaub, 1995; Sullivan, Joshi & Leonard, 2010; etc.), in this dissertation, 
separate analyses were conducted for boys and for girls, and each student outcome was 
examined in a separate model.  
The first research question examined in this dissertation was whether students 
enrolled in single-sex schools in the two countries selected for this study had significant 
differences in science achievement and attitudes toward science compared to students in 
coeducational schools. In this first step of the analyses, the outcome differences between 
the two school-types were modeled without taking into account any student or school 
characteristics. In the next step of the sequence of models, this dissertation examined the 
school outcome differences after adjusting for student characteristics that have been 
reported in the literature as potential predictors of science achievement and attitudes 
toward science. In the final sequence of models, the science achievement differences 
between the school-types were adjusted not only for studentcharacteristics, but also for 
school characteristics.  
5.2. Lessons Learned about Single-Sex Education and New Zealand’s Boys 
In New Zealand, the mean science achievement of boys from single-sex schools 
was larger than the mean science achievement of boys from coed schools, in all three 
TIMSS cycles. The achievement of boys in coed schools constantly increased between 
TIMSS 1995 and 2003, while in single-sex schools, the achievement dropped a few 
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points from 537 in TIMSS 1995 to 525 in TIMSS 1999 and rose again in 539 in TIMSS 
2003. 
In TIMSS 1995, without adjusting for student or school covariates, boys in single-
sex schools on average, outperformed boys in coed schools by 38 points and the 
estimated difference between school types was statistically significant (p = 0.01, d = 
0.67) (Model B). The magnitude of effect sizes confirmed the statistical significance and 
indicated that the estimated average difference between boys educated in single-sex and 
coed schools was not only statistically significant, but also of substantive significance in 
the context of the New Zealand in 1995. After adjusting for differences in student 
characteristics (Model C), the estimated average school difference was still equal to half 
of the standard deviation of school means and 29 points higher in favor of boys in single-
sex schools (p = 0.01, d = 0.50). Therefore, in New Zealand in TIMSS 1995, even when 
differences in student characteristics were accounted for, on average, boys in single-sex 
schools still significantly outperformed boys in coed schools. 
When differences in school characteristics were also accounted for (Model D), the 
estimated average difference between mean science achievement scores in single-sex and 
coed schools was 22 points higher for boys in single-sex schools but only marginally 
significant and less than half of a standard deviation of school means (p = 0.09, d = 
0.39). These results suggest that, for boys with similar background characteristics, the 
average school differences in science achievement in TIMSS 1995 between single-sex 
and coed schools can be explained to some extent by the differences in characteristics at 
the school level.  
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In TIMSS 1999 and 2003, the average of the mean science achievement scores in 
single-sex was higher than the average mean science achievement scores in coed schools 
before and after adjusting for differences in student and school characteristics (Models B, 
C and D and both Phases). However, the estimated difference was not statistically 
significant and the corresponding effect sizes were small. In 2003, after adjusting for both 
student and school covariates (Model D), the mean achievement difference between boys 
in single-sex and coed schools was in favor of coed schools. As mentioned in Chapter 4, 
the small size of the regression coefficient (less than 3 points) and the change in the 
direction of the science scores advantage from single-sex to coed schools could be 
explained by a possible multicollinearity between  the school-type indicator and the other 
school characteristics. 
School climate (i.e., frequency of discipline and other behavioral problems) was 
the only school characteristic significantly related to science achievement of New 
Zealand’s boys in each of the threeTIMSS studies analyzed in this dissertation. 
Boys’ attitudes toward science did not change between TIMSS 1995 and 1999 but 
improved from 1999 to 2003 for both single-sex and coed schools. In both 1995 and 
1999, larger percentages of boys from single-sex had high levels of attitudes toward 
science compared to boys in coed schools (37% from single-sex schools compared to 
29% from coed schools in 1995 and 36% from single-sex schools in compared to 29% 
from coed schools in 1999). The percentages of boys from both type of schools reporting 
at the high level of attitudes toward science was almost the same though in 2003 (44% 
from single-sex schools and 41% from coed schools). 
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In TIMSS 1995, without adjusting for any student covariates, the predicted 
probability of low and medium attitudes toward science was higher in coed schools than 
in single-sex schools and the difference was statistically significant (p = 0.01, d = 0.74). 
Since the model uses cumulative probabilities22, the predicted probability of high 
attitudes toward science was lower in coed schools compared to single-sex schools. In 
other words, the model estimates that boys in coed schools were more likely to have 
lower attitudes toward science than their colleagues from single-sex schools. However, 
after adjusting for student covariates, predicted probability of low and medium attitudes 
toward science was higher in coed schools than in single-sex schools but not statistically 
significant. There was no significant difference between attitudes toward science of boys 
in single-sex and coed schools in subsequent TIMSS cycles, i.e., 1999 and 2003. 
There were no significant differences between the predicted probabilities of low 
and low or medium levels of attitudes toward science of boys in single-sex and coed 
schools in either TIMSS 1995, 1999 or 2003. It is important to note that same results 
were obtained from the science achievement analyses in 1999 and 2003, suggesting a 
possible correlation between these two outcomes for New Zealand’s boys. 
5.3. Lessons Learned about Single-Sex Education and New Zealand’s Girls 
In New Zealand, the mean science achievement of girls from single-sex schools 
was larger than the mean achievement of girls from coed schools, in all three TIMSS 
                                                 
22 The predicted probability of high attitudes toward science is calculated as the difference between 1 and 
the predicted probability of low and medium attitudes toward science. 
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cycles. The science achievement scores of girls in coed schools constantly increased 
between TIMSS 1995 and 2003. However, girls in single-sex schools improved their 
science scores between TIMSS 1995 (495) and 1999 (532), but their mean science scores 
decreased 7 points in 2003 (525). 
In TIMSS 1995 and 2003, the average of the mean science achievement scores in 
single-sex was higher than the average mean science achievement scores in coed schools 
but the estimated difference was not statistically significant. In TIMSS 1999 though, the 
results indicate a significant difference between school-types, with girls educated in 
single-sex schools outperforming those educated in coed schools. Without adjusting for 
student and school covariates (Model B), the average difference between mean science 
achievement of girls in single-sex and coed schools was 47 points in favor of single-sex 
schools, and the difference was statistically significant (p < 0.001, d = 0.79). In Model C 
Phase 1, after adjusting for the set of student covariates common to all three TIMSS 
cycles (i.e., parental education, number of books, home possessions, and academic 
pressure), the advantage of girls in single-sex schools was 35 points and statistically 
significant (p < 0.01, d = 0.59). In Phase 2, after adding to the set of student covariates 
those measured in TIMSS 1999 only (i.e., self-confidence in learning science), on 
average, single-sex schools outperformed coed schools by 33 points and the difference 
was statistically significant (p < 0.01, d = 0.57). These results indicate that in New 
Zealand in TIMSS 1999, even when differences in student characteristics were accounted 
for, on average, girls in single-sex schools still significantly outperformed girls in coed 
schools. 
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It is interesting to note that, in both phases of the analyses for TIMSS 1999, as 
school characteristics were introduced in the model, the school-type contrast had 
decreased by 16 points, i.e., from 35 to 19 points difference in Phase 1 (and 
corresponding effect sizes dropped from 0.59 to 0.32) , and from 33 to 17 points 
difference in Phase 2 (and corresponding effect sizes dropped from 0.57 to 0.28). Also, 
although the school-type contrast was statistically significant at p < 0.01 level when only 
student characteristics where included, the achievement differences were not statistically 
significant (p = 0.16) when not only student but also school characteristics were 
accounted for. This observation suggests that other school characteristics, such as school 
climate, may be stronger predictors of science achievement rather than the sex 
composition of the school. 
Similar to New Zealand’s boys, the attitudes toward science of New Zealand’s 
girls increased between 1995 and 2003 from medium to high. The percentages of girls 
reporting at each level of the attitudes toward science index were very similar for both 
school types in 1995 and 1999. For coed schools, there was an increase in the number of 
girls that reported high level of attitudes toward science in 2003, but still more girls 
reported medium levels (43%) than high level (35%) of attitudes toward science. 
However, this trend has changed for single-sex school in 2003. Fewer girls from single-
sex schools reported medium levels of attitudes toward science (28%) than high level of 
attitudes toward science (39%). The increase in percentages of girls with high level of 
attitudes toward science between 1995 and 2003 was larger for girls from single-sex 
schools (from 24% in 1995 to 39% in 2003) than for girls from coed schools (from 22% 
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in 1995 to 35% in 2003). Same caution, though, in the interpretation of these trends 
applies for girls as for boys. 
There was no significant difference between attitudes toward science of girls in 
single-sex and coed schools in TIMSS 1995 and 2003. However, in TIMSS 1999, without 
any student adjustments, the predicted probability of low and medium attitudes toward 
science was higher in coed schools than in single-sex schools and the difference was 
statistically significant (p = 0.03, d = 0.76). As explained above for boys, the model 
estimates that girls in coed schools were more likely to have lower attitudes toward 
science than their colleagues from single-sex schools. Even after adjusting for student 
covariates, predicted probability of low and medium attitudes toward science was still 
higher in coed schools than in single-sex schools, and the difference was statistically 
significant (p = 0.01).. 
As discussed above in the case of boys, similar results were obtained for girls 
from the analyses of science achievement and attitudes toward science in 1999 and 2003, 
suggesting a possible correlation between these two outcomes for both sexes in New 
Zealand. Moreover, as opposed to boys, the results for girls were consistent not only in 
1999 and 2003, but also in 1995, indicating that the correlation between the two 
outcomes was stronger in the case of girls in New Zealand. 
5.4. Lessons Learned about Single-Sex Education and Hong Kong’s Boys 
In Hong Kong, the mean science achievement of boys from single-sex schools 
was larger than the mean science achievement of boys from coed schools in TIMSS 1995 
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and 2003. The opposite was true for TIMSS 1999 though, when boys from coed schools 
outperformed boys in single-sex schools with 9 score points (coed: 540; single-sex: 531). 
The achievement of boys from both types of schools had constantly increased between 
TIMSS 1995 and 2003. In 1995, the mean science score for boys in single-sex classes 
housed in coed schools (500) was smaller than the achievement of boys from coed (508) 
and single-sex schools (520). 
In TIMSS 1995, boys in single-sex schools outperformed boys from coed schools, 
but the latter outperformed boys from single-sex classes housed in coed schools. None of 
the differences though were statistically significant. In TIMSS 1999, as opposed to New 
Zealand’s boys, Hong Kong’s boys from coed outperformed boys from single-sex 
schools, but the difference was not statistically significant.  
However, the analyses for TIMSS 2003 indicated different results. Without 
adjusting for student and school covariates, the average difference between science 
achievement of boys in single-sex and coed schools was 18 points in favor of single-sex 
schools and statistically significant (p < 0.05, d = 0.37). After adjusting for student 
covariates, on average, boys in single-sex schools outperformed those in coed schools by 
17 points and the difference was still statistically significant (p < 0.05, d = 0.36). 
However, after adjusting for both student and school covariates, the average 11 point 
difference  (d = 0.24) in science achievement between school types was not statistically 
significant. 
Boys’ attitudes toward science was constant between 1995 and 1999 but 
improved from 1999 to 2003 for both single-sex and coed schools. While the percentage 
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of boys with low attitudes toward science decreased across TIMSS cycles, the majority of 
boys reported medium levels of attitudes toward science in 1995 and 1999. In 2003 
though, the same percentages of boys reported medium and high levels of attitudes 
toward science in both types of schools. In both 1995 and 1999, slightly more boys from 
single-sex had high levels of attitudes toward science compared to boys in coed schools 
(27% from single-sex schools compared to 25% from coed schools in 1995 and 34% 
from single-sex schools in compared to 30% from coed schools in 1999). The 
percentages of boys from both type of schools reporting at the high level of attitudes 
toward science was almost the same in 2003 (45%).  
There was no significant difference between the predicted probabilities of lower 
levels of attitudes toward science of boys in either single-sex or coed schools in Hong 
Kong in any of the three TIMSS cycles included in this study. This result is not 
surprising, since there were very small differences in the percentages of boys reporting at 
each level of the attitudes toward science index between schools. 
5.5. Lessons Learned about Single-Sex Education and Hong Kong’s Girls 
In Hong Kong, mean science achievement of girls from single-sex schools was 
larger than the mean achievement of girls from coed schools, in all three TIMSS cycles. 
The achievement of girls from both types of schools had constantly increased between 
TIMSS 1995 and 2003. In 1995, the mean science scores for girls in single-sex classes 
housed in coed schools were smaller than the achievement of girls from coed and single-
sex schools. In TIMSS 2003, mean science scores for girls in single-sex schools were 43 
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score points bigger than the mean science scores of  girls in coed schools  This was the 
largest score difference between school-types observed in the current study.  
Also, although comparison between boys and girls is beyond the scope of this 
study, it may be worthy to mention that, in case of Hong Kong’s results from TIMSS 
2003, it is the first time we observe that, within the same school-type (i.e., single-sex), 
boys’ average science achievement score (M = 574) was lower than girls’ (M = 585).  
In TIMSS 1995, girls in single-sex schools outperformed girls from coed schools; 
the latter outperformed girls from single-sex classes housed in coed schools. In TIMSS 
1999, also, girls in single-sex schools outperformed girls from coed schools. However, 
neither the differences in 1995 nor in 1999 were statistically significant.  
In TIMSS 2003, however, the results indicate a different picture of their science 
scores. Without adjusting for student and school covariates, on average, girls in single-
sex schools outperformed girls in coed schools by 51 points and the difference was 
statistically significant (p < 0.001, d = 1.06). After adjusting for student covariates, the 
average difference in science achievement between single-sex and coed schools was 49 
points and statistically significant (p < 0.001, d = 1.03). These results indicate that in 
Hong Kong in TIMSS 2003, even when differences in background characteristics were 
accounted for, on average, girls in single-sex schools still significantly outperformed girls 
in coed schools. Even after adjusting for both student and school covariates, on average, 
single-sex schools outperformed coed schools by 39 points and the difference was 
statistically significant (p < 0.001, d = 0.8). These results indicate that in Hong Kong in 
TIMSS 2003, even when differences in both student and school characteristics were 
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accounted for, on average, girls in single-sex schools still significantly outperformed girls 
in coed schools. 
In Hong Kong, the percentages of girls reporting at each level of the attitudes 
toward science index were very similar for both school types in 1995 and 1999. In both 
years, the majority of girls from both types of schools reported at the medium level of the 
attitudes toward science index (coed: 70% in both years; single-sex: 73% in 1995, 67% in 
1999). For coed schools, there was an increase in the number of girls that reported high 
level of attitudes toward science in 2003, but still more girls reported medium levels 
(59%) than high level (31%) of attitudes toward science. However, girls in single-sex 
schools had a big increase in their attitudes toward science between 1999 and 2003. 
While only 24% of girls from single-sex schools reported a high level of attitudes toward 
science in 1999, this percentage increased to 45% in TIMSS 2003. 
In Hong Kong, SAR, there was no statistically significant difference between the 
average attitudes toward science of girls in single-sex and coed schools in TIMSS 1995, 
although, on average, girls in coed schools had higher probabilities of low and medium 
attitudes toward science than those in single-sex schools. 
However, the analyses for TIMSS 1999 and 2003 indicate very different results. 
In TIMSS 1999, without adjusting for any student covariates, the average predicted 
probability of low and medium attitudes toward science was higher in coed schools than 
in single-sex schools and the difference was statistically significant (p = 0.01, d = 0.76). 
Even after adjusting for student covariates, it was more likely for girls in coed schools to 
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have low and medium attitudes toward science than for girls in single-sex schools and the 
difference was statistically significant (p = 0.02, d = 0.51). 
Similar to 1999, in TIMSS 2003, without adjusting for any student covariates, the 
predicted probability of low and medium attitudes toward science was higher in coed 
schools than in single-sex schools and the difference was statistically significant (p < 
0.001, d = 1.23). Even after adjusting for student covariates, girls in coeds schools had 
significantly higher predicted probabilities of  low and medium attitudes toward science 
than girls in single-sex schools (p < 0.001, d = 0.81). These results indicate that in both 
1999 and 2003, Hong Kong’s girls with similar background characteristics were more 
likely to have positive attitudes toward science when enrolled in single-sex schools than 
in coed schools. 
5.6. Student or School Factors that Contributed to the Success of Each School-Type: 
Model C versus Model D 
Studies reported in the literature on single-sex education either in the US (e.g., 
Lee & Bryk, 1986; Riordan, 1990, 2002) or abroad (e.g., Daly, 1995; Harker & Nash, 
1997; Harker, 2000; Spielhofer, Benton & Schagen, 2004) suggested that the effect of 
this type of schooling could have been confounded with the differences in student socio-
economic status and/or pre-existing differences in academic achievement and, hence, 
statistical control for these factors could be essential in the analysis.  
In this dissertation, Model C included statistical control for student characteristics 
deemed as important factors related to science achievement and attitudes toward science. 
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The choice of student variables was influenced to some extent by the conceptual 
framework on single-sex education proposed by Riordan (2002) and included, on one 
hand, socio-economic variables such as parental education, number of books and home 
educational resources, and, on the other hand, affective constructs such as peer and 
academic pressure or self-confidence in learning science. In this framework, Model C 
helped identify which school-type was more successful than the other, given the same set 
of student characteristics. For example, when everything was equal at the student level, 
i.e., for students with similar home backgrounds, levels of self-confidence and academic 
pressure, girls in New Zealand and Hong Kong were more successful academically and 
had better attitudes toward science when enrolled in single-sex schools than in coed 
schools.  
On the other hand, some authors suggested that the apparent academic success of 
single-sex education could be related to certain characteristics that characterize effective 
schools, such as better instructional practices (Sadker & Zittleman, 2004) or more 
equitable distribution of school resources (Lee, 1998), and these characteristics were 
found more frequently in single-sex schools than in coed schools, at least in the US. 
In this dissertation, Model D examined not only student but also for school 
characteristics that were considered important in explaining the science achievement 
differences between the school-types. The school-level characteristics included in Model 
D could be classified into three categories: i) measures of school-level resources, which 
in TIMSS were included in the Index of Availability of School Resources for Science 
Instruction; ii) indicators of the school atmosphere of safety, discipline, etc., which in 
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TIMSS was reported as the Index of Good School and Class Attendance; and iii) 
variables that indicate the school-level policies, such as the composite for school 
admission policies, and school policies with respect to parents’ participation as volunteers 
and in school committees. With this choice of variables in Model D, the school-type 
indicator estimated what the average difference in school means between single-sex and 
coeducation schools would be, if all schools had the same distribution of student 
characteristics, while holding other contextual variables constant across schools.  
It is important to note that one of the most important scholars in the study of 
single-sex education, Dr. Cornelius Riordan of Providence College, makes a clear 
separation between student characteristics that can explain the differential effect of 
single-sex schools, and, hence, should be controlled for, and variables that, in his own 
words, are “some of the very characteristics that […] drive the entire success of single-
sex schools; making a proacademic choice” (Riordan, 2002, p. 16). He goes further and 
argues against the strategy to “control or equate exhaustively” (p. 16). Riordan strongly 
recommends that, besides socio-economic factors and prior academic achievement, 
researchers should not control for “much else, and certainly not educational expectations 
or similar variables, which measure and may distinguish students in terms of the value 
they place on academics” (Riordan, 2002, p. 16). 
 According to Riordan, it appeared that examination of Model C would be 
recommended over Model D. In a recent review of the studies on single-sex education, 
Smyth (2010) concludes that the validity of controlling for both student characteristics as 
well as school characteristics is directly related to the research question(s) addressed in 
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the study: “are we concerned with the differences that result from having a mixed gender 
setting per se or from the broader nexus of school factors that are often characteristic of 
single-sex schools?” (p. 53). In this dissertation, controlling for both type of variables 
was included in a sequence of models, because it was considered that each model served 
a different purpose and answered a different research question. Examination of Model C 
may further address questions raised by parents, teachers, or any stakeholders interested 
in finding the best school environment for each student, given that child’s individual 
characteristics, while Model D could be of interest to school principals, upper-level 
administration or any educational policy makers concerned with school policies 
potentially related to student achievement. 
5.7. Conclusions about Student and School Factors Related to Science Achievement 
and Attitudes toward Science 
Parental education was a significant factor in explaining science achievement 
differences between single-sex and coed schools for students in both countries. However, 
there was a discrepancy between the levels of parental education in each school-type, as 
more students from single-sex schools had parents with university degrees than students 
from coed schools. In Hong Kong in particular, this discrepancy became increasingly 
larger between TIMSS 1995 and 2003. One possible explanation may be that Hong Kong 
underwent a major political change in 1997, when it became part of the Republic of 
China, which has a communist regime and makes public higher education more 
affordable to larger parts of the population.  
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It would have been interesting to examine the relationship between parental 
education and the outcomes for New Zealand’s boys and girls in TIMSS 2003, to see 
whether any trend could be observed. Unfortunately, the large number of missing cases 
for parental education variable in TIMSS 2003 prevented its inclusion in the regression 
model for New Zealand data.   
The number of books in a student’s home was a significant factor for New 
Zealand’s students but the relationship weakened as families’ preferences shifted towards 
technology-based educational resources and home possessions played a stronger role. 
The trends in the two variables related to family resources, i.e., number of books and 
availability of home possessions may seem contradictory. However, it is possible that, 
between 1995 and 2003, as technology became more widespread and affordable, more 
families from both countries opted for electronic resources instead of books. The 
tendency was less pronounced in Hong Kong than in New Zealand. Hence, the 
distribution of these variables may not indicate a decrease in home wealth but a tendency 
of families to provide more technology-based educational resources to their children. 
Although, in general, similar patterns were observed in the results of the analyses 
for science achievement and attitudes toward science, there was one difference between 
the findings of the analyses for boys in New Zealand and girls in both countries. In the 
case of the main outcome variable, science achievement, when academic pressure and 
self-confidence in learning science were both introduced as predictors in the models (i.e., 
Phase 2 of the analyses for TIMSS 1999), self-confidence had washed out the effect of 
academic pressure on science achievement. In the modeling of attitudes toward science, 
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both measures were significant factors in explaining the differences in attitudes toward 
science between students in single-sex and coed schools. 
Both academic pressure and self-confidence in learning science were probably 
significant features in the profile of students who, according to Riordan’s theory, made a 
“pro-academic” choice in single-sex schools. It is also possible that self-confidence was 
an outcome rather than a cause of this pro-academic choice. However, more research is 
necessary to fully understand these intricate relationships.  
In both countries and all three TIMSS cycles included in this study, availability of 
school resources for science instruction was not a significant factor in explaining the 
between-school achievement differences of either sex. The variables selected for the 
composition of the index of availability of school resources for science instruction (see 
Table A2 in Appendix A) included: instructional materials, budget for school supplies, 
school buildings and grounds, heating/cooling and lightning systems, instructional space, 
science laboratory equipment and materials, calculators, computers and computer 
software for science instruction, library materials and audio-visual resources. The above 
finding is somewhat unexpected, as some authors speculated that the apparent academic 
success of this type of schooling, at least in the US, could be explained by the 
socioeconomic advantages of single-sex schools compared to coed schools (Sadker & 
Zittleman, 2004). However, according to the findings from TIMSS international science 
reports, students from both countries were enrolled in schools that did not lack resources 
for science education (see Martin et al, 2004b, p. 332, for example) and, this may explain 
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why school resources was not a significant factor in explaining the school differences in 
science achievement.  
From the set of school predictors selected for this study, only the indicator of 
school climate and discipline was a significant factor in explaining school achievement 
differences for both countries and both sexes. The better the school climate, i.e., the 
fewer the discipline and behavioral problems reported by school principals, the larger 
was the achievement gap between school-types. The finding that a disciplined school 
climate fosters learning and achievement is not unexpected; a number of studies on 
school effectiveness had similar results, for example Diaconu (2005) or O’Dwyer and 
Shen (2006). From a policy perspective, it is important to note that the single-sex schools 
from the two countries examined in this study provided their students with environments 
characterized by fewer discipline and behavioral problems than the coed schools which, 
in turn, translated into academic success. This result is also in agreement with Riordan’s 
conclusion that single-sex schools provide students with a safer and more nurturing 
environment than coed schools (2002). In Riordan’s opinion, the coeducational school 
environment is too often subjected to the disruptive problems that stem from the 
adolescent subculture. 
5.8. Lessons Learned from the Sensitivity Analysis 
The student data analyzed in this dissertation (test scores, background 
characteristics, etc.) was collected in an observational study, i.e., as part of the TIMSS 
1995, 1999 and 2003 cycles. One fundamental problem that stems from the lack of 
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random assignment to treatment conditions in observational studies is known as sample 
selection bias. Schneider et al. (2007) maintains that “[without random assignment] those 
who participate in a program may differ systematically from those who do not, which can 
bias the estimated treatment effect” (p. 40). Selection bias is manifested by the fact that 
there may be relevant observed or unobserved variables that are correlated with both the 
outcome and predictor variables. According to Gustafsson (2006), the term selection bias 
describes a situation in which “groups of students who received different treatments were 
not comparable in terms of their level of performance (or other characteristics related to 
the outcome) before they received the treatment” (p. 6). For example, in the case of this 
dissertation, there may be some systematic differences between families who chose to 
send their children to single-sex schools and the general population of families, and these 
differences may not be captured by the student characteristics available from TIMSS 
background questionnaires. In the case of observed selection bias, the problem can be 
corrected by adjusting the outcome variable for the observed variables that is causing the 
bias. The unobserved selection bias, on the other hand, is more difficult to deal with, 
because the estimated effect of the treatment on the outcome variable may be biased by 
an unobserved or unmeasured variable (Schneider et al., 2007). If such differences are 
correlated with student achievement, then the estimated average difference in 
achievement between students in single-sex schools and those in coeducational schools, 
even after adjusting for observed variables such as family income or level of education, 
will be confounded to some degree with the unobserved differences between the families 
of the children in the two school types.  
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Gustafsson (2006) explained that when the estimated relationship between an 
independent variable and a dependent variable is interpreted in causal terms, “it is 
assumed that there are no other independent variables which are correlated with the 
independent variable in focus, and which have not already been included in the model” 
(p. 7). Further, this author asserted that the presence of such omitted variables will cause 
“bias in the estimated causal relationship in case that they are correlated with the residual 
of the outcome variable” (p. 7). Hence, the study may incorrectly conclude that a causal 
relationship exists between the outcome variable and the independent variables 
examined, instead on focusing on the independent variables that were the true cause. In 
addition, unobserved selection bias may underestimate the parameters of the treatment 
effect in comparison to the estimates one would obtain in a randomized design.  
One option would be to measure and analyze all potentially relevant variables, 
but, obviously, this would be virtually impossible, no matter how strong the theory 
behind the selection process would be. Although some studies employ a rich set of 
student characteristics, it cannot be assumed that selection bias has been eliminated. 
Braun et al. (2006b) asserted that it would be impossible to determine how patterns of 
self-selection may affect the estimated student and school- effects, without more 
information about previous student characteristics, such as prior achievement. Other 
relevant unobserved variables may include the following: the possible attraction of 
parents to single-sex schools because they felt that their children were not well served by 
coeducational schools; the extent to which parents provide differential amounts of 
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support and encouragement for academic achievement; the extent to which parents 
promote different types of attitudes towards science in their children.  
Even since the early 1960s and later in the 1980s, statisticians have been 
preoccupied with finding solutions to the problem of unobserved selection bias caused by 
unmeasured/omitted respondent characteristics. According to Braun et al. (2006b), 
researchers “have attempted to address the problem of selection bias in observational 
studies by utilizing auxiliary information about both students and schools in order to 
generate so-called adjusted comparisons that (it is hoped) are less subject to selection 
bias” (p.1). In this method, model specifications were tested to get a sense of the 
sensitivity of these estimated comparisons to various assumptions.  
Over time, sensitivity analysis (SA) was developed as a potential solution to the 
problem of weak causal inferences drawn from observational studies. Rosenbaum and 
Rubin (1983), using as an example data from clinical study on coronary artery disease, 
proposed a sensitivity analysis to assess how robust the estimated effects are to deviations 
from the assumptions of a randomly equivalent groups design. In a longitudinal study of 
the links between breast-feeding practices and infant mortality in Malaysia, Montgomery 
et al. (1986) attempted to overcome the selection bias problem by using child weight at 
birth as a “proxy indicator” for the omitted variable which was responsible for the 
unmeasured selection bias. The results of their sensitivity analysis indicated that the 
relationship between breast-feeding practices in Malaysia and infant subsequent survival 
remained strong, even after accounting for various types of selection bias. 
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This dissertation explored a critical question with regard to single-sex education; 
namely, whether the “naïve” estimates of any of the comparisons between students 
enrolled in single-sex schools and those enrolled in coeducational schools would be 
significantly changed if they were adjusted simultaneously with respect to several student 
characteristics. The sensitivity of school effects to the possibility of unobserved selection 
bias was analyzed with the method proposed by Rosenbaum and Rubin (1983) combined 
with the approach proposed by Montgomery et al. (1986) to identify a proxy indicator 
(observed) for the omitted/unmeasured variable which is the putative cause of selection 
bias in the data. 
Specifically, this dissertation employed Monte Carlo simulations to generate 
values of the unobserved variable U ‘parental involvement’, based on its conditional 
distribution with ‘parental education’, which was used as a proxy indicator. In order to 
simulate the conditions that would introduce selection bias in the dataset, this study used 
two assumptions. The first assumption was that parents who were less involved with their 
children’s education were more likely to enroll them in coed schools than in single sex 
schools and that parents who were more involved with their children’s education were 
more likely to enroll them in single sex schools than in coed schools. The second 
assumption was that students with highly involved parents would achieve higher scores in 
TIMSS science when compared to students with lesser involved parents. In mathematical 
terms, this assumption was modeled by fixing the regression coefficient for U (βUj) to a 
positive value. The first assumption was employed in the Monte Carlo simulations to 
generate numerical values for the unknown variable U that represented parental 
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involvement. The simulated values of U (with its fixed and positive regression coefficient 
βUj) were used as level-1 predictors in Model C (i.e., the HLM with student-level 
covariates only) in order to obtain the new estimates (and standard errors) of the school-
type contrast γ01.  
The findings from the sensitivity analysis revealed that the estimated school-type 
contrast γ01 had a low sensitivity to the presence of the unknown variable U (parental 
involvement) simulated with the above method. However, these findings were limited to 
some extent since the analysis was focused only on modeling science achievement of 
girls with the dataset collected in Hong-Kong in TIMSS 2003. 
The choice of the dataset employed in the SA was motivated by the fact that the 
results from all three TIMSS administrations, in both countries and for both gender, only 
girls from Hong Kong in TIMSS 2003 showed a statistically significant coefficient for 
school-type and in favor of single-sex schools.  
One problem of this dataset was that all student covariates that were considered as 
good choices for the proxy indicator from the review of the single-sex literature (such as 
parental education or home possessions) have no significant relationship to the outcome 
variable. So, although parental education was still used as proxy indicator in the 
simulation of U, the low sensitivity may be inconclusive from a methodological 
standpoint because of the lack of a strong candidate for the proxy.  
The dataset employed in this analysis can be considered as a first case study for 
the sensitivity analysis method presented here, which is clearly in the exploratory stage. 
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The validity of the findings are contingent upon the specific characteristics of the dataset 
involved in the sensitivity analysis and further exploration is necessary. For example, to 
further investigate the impact of selection bias in this study, larger number of Monte 
Carlo simulations would be recommended. or varying the values of βUj to assess the 
influence of the second assumption of selection bias on the response surface. The merit of 
the sensitivity analysis method cannot be judged based on only one case study. It is 
possible that using the same methodology for the sensitivity analysis but on a different 
dataset (i.e., from a different country, with a different socioeconomic content and 
different set of educational policies), the findings to be quite different. 
5.9. Limitations 
It is possible that more questions have been raised than answered though, 
especially since this study had inherent limitations.  
The choice of the specific students and school characteristics for the multilevel 
regression analyses of  science achievement and attitudes toward science was dictated, on 
one hand, by the recommendations from the literature, and, on the other hand, by the 
availability of each set of variables in the TIMSS international database for each country 
in each year.   
An important observation regarding student characteristics was the decision to use 
attitudes toward science as a dependent variable instead of a predictor of science 
achievement. Due to their observational nature, the TIMSS studies did not provide us 
with enough information to decide whether students’ attitudes were a cause or a result of 
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students’ enrollment in single-sex schools. Based on the above discussion generated by 
Dr. Riordan’s view on single-sex education, in this dissertation a decision was made to 
treat the construct of attitudes toward science as a dependent variable and modeled in 
parallel to science achievement. However, because of the desire to keep the emphasis of 
the study on student performance, which has been a recurring topic of the current 
educational policy discourse, the last set of analyses in this study focused only on the 
main outcome, i.e., science achievement. A future study is planned that will shift the 
focus to the secondary outcome, i.e., attitudes toward science. 
As revealed by the review of the literature, so far all research studies on single-
sex schools encountered some serious limitations (Bracey, 2006). Until the new 
regulations came out, single-sex schools were schools of choice and, hence, students 
were not randomly assigned to treatment and control groups. Another serious limitation is 
that studies conducted so far on single-sex schools in the public sector in the U.S. could 
be affected by the Hawthorne or John Henry effects, described by Bracey (2006): 
“Hawthorne effect is the effect of novelty—people often behave differently at the 
beginning of an innovation or experiment than they do later on”, while the John Henry 
effects occur “when people in a group perceive that they are expected to do less well than 
people in another group and work harder to offset the expected deficit” (p. 17). 
The first limitation, i.e., school of choice instead of random assignment to school-
type, introduces the possibility of selection bias. As stated by Schneider et al. (2007) 
“[without random assignment] those who participate in a program may differ 
systematically from those who do not, which can bias the estimated treatment effect” (p. 
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40). Braun et al. (2006b) explained that researchers “have attempted to address the 
problem of selection bias in observational studies by utilizing auxiliary information about 
both students and schools in order to generate so-called adjusted comparisons that (it is 
hoped) are less subject to selection bias” (p.1). In their method, these authors asserted 
that it would be impossible to determine how patterns of self-selection may affect the 
estimated student and school- effects, without more information about previous student 
characteristics, such as prior achievement. Unfortunately, in this dissertation, a notable 
absence from the set of student predictors was the information on student prior academic 
achievement, which was not available in a cross-sectional observational study such as 
TIMSS.  
Therefore, due to selection bias and the potential presence of unobserved 
variables, which may alter the estimated parameters of the treatment effect, any causal 
inference drawn from observational studies – such as TIMSS studies and, hence, this 
dissertation, as well - may be weak.  In this study, the lack of knowledge of pre-existing 
differences in academic performance between students from each type of schools 
justified the desire to examine the sensitivity of the estimated school-type contrast to the 
presence of unmeasured variables. In Phase 3 of the research plan, the sensitivity analysis 
method proposed here attempted to set the stage for the future development of 
approaches to causal inferences employing data collected in observational studies. 
Results from the sensitivity analysis revealed a low sensitivity of the estimated 
school-type contrast γ01 to the presence of the unknown variable U (parental 
involvement). These findings were based on only one case study (i.e., the dataset for 
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Hong Kong’s girls from TIMSS 2003) and, due to the specificity of the data, were 
considered insufficient to judge the merit of the sensitivity analysis methodology 
proposed in this dissertation. Nevertheless, the analyses conducted here went a step closer 
to addressing the question of causality in this study of single-sex education. 
5.10. Concluding Remarks 
This study concurred with the findings from the literature that single-sex 
education may be more effective than coeducation for some groups of students, but it is 
not a universal remedy. The effect of the schools’ gender composition was very different 
for boys than for girls, confirming the previous studies reported in the literature (see 
Harker, 2000; Lee & Bryk, 1986; Riordan 1990, 2002; Sullivan et al., 2010; as a few 
examples).  
Except for New Zealand’s boys in TIMSS 1995, the single-sex school 
environment did not account for significant improvements in either science achievement 
or attitudes toward science of boys from both countries, after differences in school 
characteristics were accounted for. The initial advantage in science scores (e.g., in Hong 
Kong in TIMSS 2003) or in attitudes toward science (in TIMSS 1995 in New Zealand) of 
boys in single-sex schools was not statistically significant after adjusting for school 
characteristics. Hence, as noted in the literature, it seems that, at least in the case of boys, 
the benefit of single-sex education can be explained by other school characteristics rather 
than the gender composition of the school (Riordan, 2002; Sadker & Zittleman, 2004).  
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In contrast to the findings for boys, girls from both countries included in this 
study seemed to have benefited more from single-sex education than coeducation. 
Evidence was stronger for Hong Kong’s girls in single-sex schools in TIMSS 2003; their 
advantage in science scores remained statistically significant (p< 0.001) even after 
accounting for differences in student background and school characteristics. Also, girls 
from single-sex schools had more positive attitudes toward science than girls from coed 
schools in New Zealand in TIMSS 1999, and in Hong Kong in both 1999 and 2003 
TIMSS cycles. 
From modeling science achievement and attitudes towards science for both 
genders in both countries, two patterns have emerged. On one hand, at the student level, 
both boys and girls with high self-confidence in learning science have scored 
significantly higher and had had better attitudes toward science than their peers with low 
self-confidence. This finding confirms similar observations from the literature; for 
example, in an extensive analysis of 4th  grade TIMSS 1995 data from 14 countries 
Stemler (2001) showed the importance of the students developing an internal locus of 
control and praised the education systems in which students were encouraged to make the 
connection between hard work and achievement. 
The other pattern that occurred in all analyses conducted in this study was the 
significance of a school climate that provided a safe environment for students to grow 
both emotionally and academically. This result echoes the Riordan’s words that: “Single-
sex schools are places where students go to learn; not to play, not to hassle teachers and 
other students, and not primarily to meet their friends and have fun” (2002, p. 19). 
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APPENDIX A: STUDENT AND SCHOOL VARIABLES USED AS PREDICTORS 
Table A.1: 
Student Background Variables Names and Availability in TIMSS 1995, 1999 and 2003  
Question TIMSS 1995 TIMSS 1999 TIMSS 2003 
Parental Education    
How far did your mother go in school? BSBGEDUM  BSBGEDMO  BSBGMFED  
How far did your father go in school? BSBGEDUF  BSBGEDFA  BSBGFMED  
No. Books    
About how many books are there in your 
home? 
BSBGBOOK  BSBGBOOK  BSBGBOOK  
Home Possessions 
Do you have a calculator at your home? BSBGPS01  BSBGPS01  BSBGPS01  
… a computer BSBGPS02  BSBGPS02  BSBGPS02  
…a study desk at home for your own use? BSBGPS03  BSBGPS03  BSBGPS03  
… a dictionary at your home? BSBGPS04  BSBGPS04  BSBGPS04  
Academic Pressure    
My mother thinks it is important to do well 
in science at school 
BSDSMIP1  BSBSMIP1  N/A 
My friends think it is important to do well 
in science at school 
BSDSFIP1  BSBSFIP1  N/A 
I think it is important to do well in science 
at school 
BSDSSIP1  BSBSSIP1  N/A 
Attitudes toward Science  
Do you think that:     
… you enjoy learning science? BSBSENJY  BSBSENJY BSBSTENJ  
… science is boring? BSBSBORE  BSBSBORE   N/A 
… science is important to everyone's life? BSBSLIFE  BSBSLIFE  N/A 
… you would like a job that involved using 
science? 
BSBSWORK  BSBSWORK  BSBSAJOB 
I like science BSDSLIKE  BSBSLIKS  N/A 
I would like to take more science in 
school. 
N/A N/A BSBSTMOR  
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Question TIMSS 1995 TIMSS 1999 TIMSS 2003 
I think learning science will help me in my 
daily life. 
N/A N/A BSBSAHDL  
I need science to learn other school 
subjects. 
N/A N/A BSBSAOSS 
I need to do well in science to get into the 
university of my choice 
N/A N/A BSBSAUNI 
I need to do well in science to get the job I 
want 
BSDSJOB  BSBSJOB  BSBSAGET  
 
  262
Table A.2: 
Name and Availability of School Background Variables in TIMSS 1995, 1999 and 2003 
Question TIMSS 1995 TIMSS 1999 TIMSS 2003 
Index of Availability of School Resources for Science Instruction  
Is your school's instructional capacity affected by inadequacy of:  
… science laboratory equipment & 
materials? 
BCBSST12 BCBSST12  BCBSST12  
… inadequacy of computers for science 
instruction? 
BCBSST13 BCBSST13  BCBSST13  
… inadequacy of computer software for 
science instruction? 
BCBSST14  BCBSST14  BCBSST14  
… inadequacy of calculators for science 
instruction? 
BCBSST15  BCBSST15  BCBSST15  
… inadequacy of library materials 
relevant to science instruction? 
BCBSST16  BCBSST16  BCBSST16  
… inadequacy of AUDIO-VISUAL 
resources for science instruction? 
BCBSST17  BCBSST17  BCBSST17  
School Admission Policies 
In admitting students to your school:    
… do you consider residence in a 
particular area? 
BCBGBS01  BCBGBS01  N/A 
… do you consider student's academic 
performance? 
BCBGBS02  BCBGBS02  N/A 
… do you consider interview with 
student? 
BCBGBS03  BCBGBS03  N/A 
... do you consider interview with 
parent? 
BCBGBS04  BCBGBS04  N/A 
...  is preference given to students with 
siblings in the school? 
BCBGBS05  BCBGBS05  N/A 
...  is preference given according to date 
of application? 
BCBGBS06  BCBGBS06  N/A 
... do you consider recommendations of 
previous teachers? 
BCBGBS07  BCBGBS07  N/A 
...  is preference given to students from a 
particular school? 
BCBGBS08  BCBGBS08  N/A 
...  is preference given to children of 
former students? 
BCBGBS09  BCBGBS09  N/A 
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Question TIMSS 1995 TIMSS 1999 TIMSS 2003 
...  do you consider performance on a 
standardized test? 
BCBGBS10  BCBGBS10  N/A 
...  do you consider performance on an 
entrance exam? 
BCBGBS11  BCBGBS11  N/A 
...  do you consider performance on an 
oral exam? 
BCBGBS12  BCBGBS12  N/A 
...  do you consider other factors? BCBGBS13  BCBGBS13  N/A 
Trends in Index of Good School and Class Attendance 
To what extent do these behaviors present a problem in your school: 
….arriving late at school 
BCBGUS
01  
BCBGFP01  BCBGSP01  
… absenteeism 
BCBGUS
02  
BCBGFP02  BCBGSP02  
… skipping class periods 
BCBGUS
03  
BCBGFP03  BCBGSP03  
Parents as Volunteers, Parents in School Committees   
Does your school expect parents to:     
... volunteer for school projects and 
programs? 
N/A BCBGEP04  BCBGEPVO  
... serve on committees which select 
school personnel? 
N/A BCBGEP09  N/A 
... serve on committees which review 
school finances? 
N/A BCBGEP10  N/A 
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Table A.3: 
Name and Availability of Composite Variables from Student and School Background 
Questionnaires in TIMSS 1995, 1999 and 2003 
Composite name TIMSS 1995 TIMSS 1999 TIMSS 2003 
Student characteristics 
Highest Level of Education of Either 
Parent 
BSDGEDUP BSDGEDUP  BSDGEDUP  
Students' having educational aids in 
the home: dictionary, study 
desk/table, and computer 
BSDGPSA BSDGPSA 
Not in UG; 
but variables 
available; 
COMPUTED  
Index of Students' Positive Attitudes 
toward Science 
BSDSPATS BSDSPATS 
some 
variables N/A 
Index of Students' Valuing Science N/A N/A BSDSSV 
Index of Students' Self-Confidence in 
Learning Science 
some variables 
N/A 
BSDSCSAI BSDSSCL 
School characteristics 
Trends in Index of Availability of 
School Resources for Science 
Instruction 
BCDSASR BCDSASR BCDSST 
Trends in Index of Good School and 
Class Attendance 
Not in UG; but 
variables 
available; 
COMPUTED 
BCDGSA BCDGSP 
Schools' reports on expectation of 
parents acting as volunteers 
N/A BCDGVOL N/A 
Schools' reports on expectation of 
parents serving on committees 
N/A BCDGSERV 
BCBGEPSC 
(not a derived 
variable)  
Note: UG stands for TIMSS User Guide for the International Database.  
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APPENDIX B: SCIENCE ACHIEVEMENT MEANS (STANDARD DEVIATIONS) 
Table B.1: 
Science Achievement Means (Standard Deviations) for New Zealand’s Boys 
TIMSS 
Plausible Values 
(PV) 
Coed Schools  
Mean (S.D.) 
Single-Sex Schools 
Mean (S.D.) 
TIMSS 1995 
PV 1 491 (97) 537 (85) 
PV 2 492 (98) 536 (85) 
PV 3 492 (99) 538 (85) 
PV 4 492 (100) 537 (89) 
PV 5 490 (99) 535 (87) 
TIMSS 1999 
PV 1 511 (91) 526 (92) 
PV 2 506 (98) 526 (96) 
PV 3 505 (97) 523 (98) 
PV 4 507 (94) 524 (98) 
PV 5 509 (96) 526 (98) 
TIMSS 2003 
PV 1 520 (77) 539 (74) 
PV 2 520 (75) 540 (74) 
PV 3 521 (75) 538 (74) 
PV 4 520 (77) 539 (74) 
PV 5 520 (75) 538 (73) 
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Table B.2: 
Science Achievement Means (Standard Deviations) for New Zealand’s Girls 
TIMSS 
Plausible 
Values (PV) 
Coed 
Schools 
Mean (S.D.) 
Single-Sex 
Schools 
Mean (S.D.) 
TIMSS 1995 
PV 1 476 (89) 497 (80) 
PV 2 475 (90) 496 (81) 
PV 3 475 (90) 496 (80) 
PV 4 473 (90) 497 (81) 
PV 5 475 (90) 496 (81) 
TIMSS 1999 
PV 1 495 (84) 530 (88) 
PV 2 490 (87) 531 (94) 
PV 3 492 (86) 531 (91) 
PV 4 496 (87) 534 (95) 
PV 5 494 (87) 533 (91) 
TIMSS 2003 
PV 1 510 (73) 525 (66) 
PV 2 509 (75) 524 (67) 
PV 3 510 (75) 524 (67) 
PV 4 512 (74) 528 (65) 
PV 5 511 (75) 523 (66) 
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Table B.3: 
Science Achievement Means (Standard Deviations) for Hong Kong’s Boys 
TIMSS 
Plausible 
Values (PV) 
Coed Schools 
Mean (S.D.) 
Single-Sex 
Schools Mean 
(S.D.) 
Coed Schools 
With Single-Sex 
Classes  
Mean (S.D.) 
TIMSS 1995 
PV 1 508 (81) 520 (85) 501 (104) 
PV 2 508 (82) 520 (85) 501 (107) 
PV 3 508 (81) 522 (85) 500 (109) 
PV 4 507 (82) 521 (85) 499 (108) 
PV 5 508 (81) 519 (86) 501 (107) 
TIMSS 1999 
PV 1 538 (69) 530 (85)  
PV 2 543 (70) 535 (84)  
PV 3 534 (69) 530 (86)  
PV 4 541 (66) 532 (82)  
PV 5 540 (69) 527 (84)  
TIMSS 2003 
PV 1 557 (71) 572 (51)  
PV 2 558 (71) 575 (54)  
PV 3 559(69) 574 (51)  
PV 4 558 (70) 576 (52)  
PV 5 558 (70) 575 (54)  
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Table B.4: 
Science Achievement Means (Standard Deviations) for Hong Kong’s Girls 
TIMSS 
Plausible 
Values (PV) 
Coed Schools 
Mean (S.D.) 
Single-Sex Schools 
Mean (S.D.) 
Coed Schools With 
Single-Sex Classes 
Mean (S.D.) 
TIMSS 1995 
PV 1 482 (80) 498 (83) 468 (85) 
PV 2 482 (79) 496 (81) 468 (80) 
PV 3 482 (78) 498 (77) 470 (84) 
PV 4 483 (78) 497 (81) 473 (85) 
PV 5 482 (79) 497 (77) 470 (84) 
TIMSS 1999 
PV 1 522 (63) 528 (70)  
PV 2 521 (62) 527 (69)  
PV 3 521 (64) 532 (68)  
PV 4 519 (58) 529 (63)  
PV 5 519 (62) 526 (68)  
TIMSS 2003 
PV 1 541 (63) 584 (46)  
PV 2 542 (64) 585 (46)  
PV 3 543 (63) 584 (45)  
PV 4 543 (64) 586 (45)  
PV 5 543 (63) 586 (44)  
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